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GEOLOGY  AND  HYDROLOGY  OF  THE  MERCER 
QUADRANGLE, 

MERCER,  LAWRENCE,  AND  BUTLER  COUNTIES, 
PENNSYLVANIA 

By  Charles  W.  Both 

ABSTRACT 

Many  deep  valleys  are  cut  in  the  Mississippian  and  Pennsylvanian  rocks  of  the 
Mercer  quadrangle.  The  floors  and  sides  of  the  valleys  are  covered  with  glacial 
deposits  of  the  Kent  ice  sheet  (early  Cary  age),  which  completely  fill  some  of  the 
valleys.  The  glacial  materials  are  as  much  as  200  feet  thick  in  places. 

The  rocks  of  Mississippian  and  Pennsylvanian  age  that  are  discussed  in  this  report 
are  either  exposed  at  the  surface  or  crop  out  at  the  bedrock  surface  beneath  the 
glacial  deposits.  From  oldest  to  youngest  they  are:  the  Shenango.  Hempfield,  and 
Burgoon  Formations  of  Mississippian  age;  and  the  Sharon  Formation,  Connoquenes- 
sing  Formation,  Mercer  Formation,  Homewood  Formation.  Clarion  Formation, 
Vanport  Formation,  Kittanning  Formation,  and  Freeport  Formation  of  Pennsyl- 
vanian age.  These  rocks  consist  chiefly  of  sandstone  and  shale,  but  the  Clarion  and 
Kittanning  Formations  contain  commercial  deposits  of  coal.  Except  for  the  Vanport 
Limestone,  the  only  limestones  in  the  Mercer  quadrangle  are  the  thin  beds  in  the 
Mercer  and  Freeport  Formations. 

The  sandstones  are  composed  chiefly  of  medium-grained  quartz  and  contain  a 
stable  suite  of  heavy  minerals.  The  most  abundant  heavy  minerals  are  leucoxene, 
zircon,  and  tourmaline.  The  shales  range  from  clayey  to  sandy. 

Sharp  lateral  changes  in  lithology  are  common  in  these  rocks.  However,  sandstone 
is  most  abundant  along  the  western  edge  of  the  quadrangle,  and  shale  predominates 
in  the  eastern  part  of  the  quadrangle,  adjacent  to  the  Butler  County  line. 

The  sediments  were  derived  from  the  southeast  and  were  deposited  in  a deltaic 
environment. 

The  mature  dissection  of  the  surface  of  the  quadrangle  forms  “hydrologic  islands” 
where  precipitation  enters  the  upper  part  of  the  “island”  and  is  discharged  from  each 
of  the  aquifers  into  the  glacial  deposits  in  the  valleys  around  the  margin  of  the  “island.” 

Both  pores  and  fractures  are  avenues  of  movement  of  the  ground  water.  Cement 
(chiefly  silica)  is  irregularly  distributed,  so  that  the  movement  of  the  water  may  be 
restricted  to  a few  zones  that  are  less  well  cemented. 

Pumping  tests  on  37  wells  showed  that  the  aquifers  have  a wide  range  in  trans- 
missibility.  The  transmissibilities  ranged  from  about  100  to  400,000  gpd  (gallons  per 
day)  per  foot  and  were  highest  in  the  Burgoon  Formation. 

Yields  of  more  than  1,000  gpm  (gallons  per  minute)  are  obtained  from  wells  tapping 
the  Burgoon  Formation  at  Grove  City.  Data  on  the  Burgoon  were  available  only 
at  Grove  City. 

Yields  of  200  and  300  gpm  are  reported  from  wells  tapping  the  Clarion  and 
Connoquenessing  Formations. 

Chemical  analyses  show  that  the  ground  water  is  of  the  calcium  bicai'bonate  type, 
except  where  oxidation  of  iron  sulfides  associated  with  coal  beds  has  produced  large 
amounts  of  sulfate.  Iron  and  sulfate  are  the  most  troul;>lesome  contaminants  in  the 
ground  water  of  the  Mercer  quadrangle.  A few  wells  yield  water  containing  amounts 
of  chloride  larger  than  the  average  for  the  area,  which  is  derived  from  the  deep 
aquifers  either  by  their  discharge  of  water  into  the  glacial  materials  in  the  deep 
valleys  or  from  their  discharge  into  aquifers  through  abandoned  oil  and  gas  wells. 
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INTRODUCTION 

PURPOSE  AND  SCOPE  OF  THIS  INVESTIGATION 

The  Lower  Pennsylvanian  and  Upper  Mississippian  rocks  in  north- 
western Pennsylvania  constitute  probably  the  largest  undeveloped  source 
of  ground  water  in  the  Commonwealth.  An  understanding  of  the  occur- 
rence, availability,  and  chemical  quality  of  the  water  in  these  rocks  would 
contribute  much  to  the  orderly  development  of  ground-water  supplies 
for  the  large-scale  industrial  activities  just  beginning  in  this  area.  Ac- 
cordingly, an  investigation  was  begun  in  1956  by  the  U.  S.  Geological 
Survey,  in  cooperation  with  the  Pennsylvania  Geological  Survey.  This 
report  describes  the  results  of  that  investigation  in  the  Mercer  15-minute 
quadrangle. 

LOCATION  OF  THE  AREA 

The  Mercer  15-minute  quadrangle  is  in  western  Pennsylvania  between 
lat  41°00"  and  41°  15'  north  and  long  80°00'  and  80°  15'  west.  (See  Fig. 
1.)  The  quadrangle  includes  parts  of  Mercer,  Lawrence,  and  Butler 
Counties. 

STATEMENT  OF  THE  PROBLEM 

Hydrologic  features. — Some  wells  in  the  area  yield  more  than  1,000  gpm 
(gallons  per  minute).  Other  wells,  a few  miles  away,  penetrate  the  same 
stratigraphic  interval  but  yield  less  than  100  gpm.  These  differences  in 
yields  are  the  result  of  variations  in  lithologic  and  structural  factors. 

Sandstone  may  grade  laterally  into  shale  within  a relatively  short 
distance,  or  the  vertical  succession  of  strata  may  change.  Thus,  as  these 
variations  affect  the  yields  of  wells,  it  is  important  to  know  their  location 
and  nature. 

The  diagenesis  of  the  sediments  may  be  fully  as  important  hydro- 
logically  as  their  depositional  history.  Buried  sediments  undergo  com- 
paction and  cementation  that  decrease  their  permeability,  and  any  dif- 
ferences in  the  degree  of  cementation  between  parts  of  the  same  formation 
or  between  different  formations  could  produce  major  differences  in  the 
hydrologic  properties  of  the  rocks. 

Structural  deformation  of  the  rocks  may  have  a twofold  influence  on 
the  hydrology.  First,  local  uplift  may  raise  part  of  a formation  above 
that  in  adjacent  areas  and  expose  it  to  weathering  and  to  local  recharge. 
If  the  uplift  occurs  during  deposition  of  the  sediments,  it  could  produce 
diastems  or  local  thickening  of  the  formation  as  well  as  the  more  common 
facies  variations.  Second,  the  uplift  causes  fracturing  of  the  rocks.  An 
area  of  well-indurated  rocks  may  have  relatively  low  primary  perme- 
ability and,  consequently,  furnish  only  relatively  small  supplies  of  water 
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Figure  1.  Map  showing  the  location  of  the  Mercer  and  adjacent  quadrangles  in  northwestern 
Pennsylvania. 
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to  wells,  but  fracturing  of  the  rocks  will  increase  their  permeability. 
Furthermore,  an  irregular  distribution  of  the  fractures  is  probably  the 
reason  for  the  irregular  distribution  of  large  ground-water  yields  observed 
in  the  fiercer  quadrangle. 

Faulting,  considered  as  a special  case  of  fracturing  in  which  movement 
takes  place  along  the  break  in  the  rock,  may  be  either  helpful  or  detri- 
mental to  the  ground-water  supplies  in  the  area.  Like  fracturing,  faulting 
may  increase  the  permeability  of  consolidated  rocks,  but  the  movement 
involved  in  faulting  may  place  an  aquifer  opposite  a less  permeable  rock 
body  and,  thus,  inhibit  the  freedom  of  movement  of  the  water  through 
the  aquifer  and  decrease  the  effective  areal  extent  of  the  aquifer. 

Geochemical  features. — The  chemical  quality  of  the  water  in  an  area  is 
just  as  imi)ortant  to  the  consumer  as  the  quantity  of  water  available.  The 
chief  water-quality  prohlera  in  the  Mercer  quadrangle  is  the  occurrence 
of  low  jrFI  and  high  iron  and  sulphate  in  the  water  in  certain  parts  of  the 
area.  The  delineation  of  the  area  containing  water  having  low  pH  and 
high  iron  and  sulphate  content,  and  the  determination  of  what  causes  this 
type  of  water  serve  to  focus  attention  on  the  geology,  because  knowledge 
of  the  geologic  factors  discussed  in  the  previous  section  should  indicate 
the  cause  and  jdace  of  origin  of  the  water  and  show  the  probable  courses 
of  movement  of  ground  water  in  the  -affected  areas. 

Geological  features. — The  scarcity  of  fossils  (especially  in  the  sandstones) 
and  the  small  utility  of  the  fossils  that  are  found  make  it  necessary  to 
map  the  geology  on  the  bases  of  lithology  and  stratigraphic  succession. 
However,  marked  changes  in  facies  and  in  thickness  of  the  formations 
within  short  distances  make  the  tracing  of  formational  contacts  difficult. 
The  multiple  recurrence  of  similar  depositional  environments  in  the  area 
during  Mississippian  and  Pennsylvanian  time  resulted  in  the  deposition 
of  several  similar  sequences  of  rocks.  In  any  study  of  these  rocks  great 
care  must  be  used  to  avoid  miscorrelations.  These  problems  are  further 
complicated  by  the  scarcity  of  bedrock  exposures,  as  glacial  deposits 
blanket  all  of  the  Mercer  riuadrangle  except  the  southeast  corner.  (See 
Plate  1.)  In  most  of  the  Mercer  quadrangle,  the  exposures  of  bedrock 
are  limited  to  a few  stream  valleys,  road  cuts,  old  quarries,  and  coal  strip 
mines.  (See  Plate  1.)  They  seldom  exceed  a few  feet  in  thickness  and 
rarely  include  a foi'uiational  contact. 

Operational  features. — Because  exi)osures  were  scarce,  it  was  necessary 
to  deix'iid  greatly  on  subsurface  data  from  wells.  Most  of  the  data  came 
from  the  drillers  and  owners  of  wells.  Samples  of  the  rocks  penetrated 
hy  these  wells  generally  were  not  available. 

iMost  drilling  activity  in  the  area  is  concerned  with  the  production  of 
domestic  water  suiiplies;  consequently,  where  adequate  water  supplies 
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are  obtained  at  shallow  depth,  information  is  rarely  available  on  the 
lithology  and  yields  of  the  deeper  aquifers. 

Some  Avells  may  penetrate  several  aquifers.  For  such  wells  it  is  de- 
sirable to  determine  the  contribution  of  each  aquifer  if  optimum  use  is 
to  be  made  of  the  well. 

Accurate  determination  of  the  hydraulic  properties  of  the  rocks  presents 
some  difficult  problems.  Laboratory  methods  would  not  be  appropriate 
for  this  investigation  because  of  the  large  number  of  samples  that  would 
be  required  to  determine  adequately  the  variability  of  the  rocks.  Further- 
more, these  samples  are  not  available  from  either  wells  or  fresh  out- 
crops. Field  methods  for  determining  the  hydraulic  properties  require 
a well  that  can  be  pumped  while  water-level  measurements  are  made  in 
one  or  more  nearby  wells  in  which  the  water  levels  fluctuate  in  response 
to  the  pumping.  Many  pumping  tests  in  each  aquifer  would  be  required 
to  evaluate  that  aquifer  throughout  the  quadrangle.  Because  of  the 
scarcity  of  satisfactory  sites,  only  one  pumping  test  was  made  during 
this  investigation. 

METHODS  OF  THIS  INVESTIGATION 

Geologic  mop. — Published  geologic  maps  of  the  Mercer  quadrangle  show 
only  the  Allegheny  and  Pottsville  Groups;  so,  it  was  necessary  to  remap 
the  quadrangle  in  greater  detail  to  gain  a better  understanding  of  the 
complex  geological  relationships  in  the  area.  fSee  Plate  2.) 

Bedrock-contour  map. — Early  in  the  mapping  program  it  became  evident 
that  the  glacial  deposits  presented  a problem  beyond  that  of  obscuring 
the  bedrock.  These  deposits  are  several  tens  of  feet  thick  over  most  of 
the  quadrangle  and  are  about  200  feet  thick  locally,  in  buried  valleys. 
(See  Plates  1 and  3.1  To  have  ignored  these  Pleistocene  deposits  by 
extrapolating  the  bedrock  geologic  contacts  to  the  land  surface,  would 
have  presented  an  erroneous  picture  of  the  geology  and  would  have 
hampered  insight  into  some  of  the  features  that  might  control  the  occur- 
rence of  ground  water.  Therefore,  a contour  map  was  prepared  that 
showed  the  configuration  of  the  bedrock  surface  beneath  the  glacial 
sediments.  The  geologic  map  was  then  constructed  on  this  surface. 

The  bedrock  elevations  used  for  preparing  the  contour  map  were  de- 
termined from  exposures  in  road  and  stream  cuts,  coal  strip  mines,  and 
quarries,  and  from  data  obtained  from  test  holes  and  the  canvass  of 
water  wells. 

Well  data. — The  be.st  data  obtained  from  tbe  well  inventory  were  those 
obtained  from  recently  drilled  wells  for  wbich  the  driller  had  kept  careful 
logs.  Wells  for  which  only  the  depth  of  the  casing  and  of  the  well  were 
known  were  useful  for  depth-to-bedrock  information,  because  the  bottom 
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of  the  casing  is  seldom  driven  more  than  5 feet  into  the  rock.  The  wells 
tliat  were  cased  to  the  bottom  were  useful  in  a negative  sense  only, 
because  they  usually  ended  in  glacial  material  and  indicated  only  that 
the  dei)th  to  bedrock  was  greater  than  the  depth  of  the  well.  Most  of 
these  wells  were  in  areas  of  thick  sand  and  gravel;  many  of  them  ex- 
ceeded 100  feet  in  depth  and  provided  the  only  estimates  available  of 
the  dei)th  to  bedrock  in  such  areas.  The  information  obtained  from  the 
canvass  of  water  wells  was  sup])lemented  by  drillers’  logs  of  coal  test 
holes  and  oil  and  gas  wells.  Samples  of  drill  cuttings  were  obtained  from 
only  a few  wells. 

Geophysical  logging. — Electrical  and  gamma-ray  logging  are  methods  of 
measuring  certain  electrical  and  radioactive  properties  of  the  rocks  pene- 
trated by  a well.  As  an  electrode  is  lowered  into  the  well,  measurements 
of  these  projierties  are  recorded  on  graph  paper  at  the  surface  as  a func- 
tion of  the  dei)th  of  the  electrode.  During  this  investigation,  point  resist- 
ance, sitontaneous  potential,  fluid  conductivity,  and  gamma-radiation  logs 
were  made  on  40  wells.  In  addition,  a caliper  log  of  the  borehole  diameter 
was  made  on  some  of  the  wells. 

Many  of  the  wells  were  abandoned  oil  or  gas  wells  several  hundred 
feet  deej)  for  which  no  other  data  were  available,  and  the  electrical  and 
gamma-ray  logs  sujiplied  valuable  information  on  the  lithology  and  thick- 
ness of  the  formations  at  these  locations.  These  logs  also  were  the  only 
source  of  information  on  some  of  the  deep  beds  that  do  not  crop  out  in 
the  Mercer  fiuadrangle. 

AAd  lere  logs  were  obtained  on  several  wells  in  a small  area,  they  pro- 
vided an  insight  into  the  facies  changes  that  occur  within  small  distances 
in  Pennsylvanian  and  Mississij)i)ian  rocks.  Such  an  area  was  found  about 
] mile  southwest  of  Drake,  Pa.,  in  northeastern  Lawrence  County;  it  is 
discussed  in  the  section  on  the  Connoquenessing  Formation. 

A point-resistance  log  is  a record  of  the  variation  in  the  resistance 
of  the  rocks  in  a water-fdled  borehole,  opposite  a moving  electrode,  to 
the  jtassage  of  an  electrical  current.  A gamma-ray  log,  on  the  other 
hand,  shows  the  variation  of  the  natural  gamma  radiation  in  the  rocks. 

The  electrical  resistmice  and  gamma  radiation  of  a rock  have  been 
shown  to  bear  a close  relationship  to  the  lithologic  properties  of  the  rock. 
Relatively  high  resistance  and  low  gamma  radiation  arc  associated  ordi- 
narily with  sandstone,  limestone,  and  coal;  and  low  resistance  and  high 
gamma  radiation  are  usually  characteristic  of  shale.  The  presence  in  a 
sandstone  of  more  than  the  normal  amount  of  radioactive  minerals,  or 
the  i)rcsence  of  a considerable  amount  of  electrolytes  in  the  interstitial 
water,  may  give  the  sandstone  the  characteristics  of  a shale  on  these 
logs.  Unlike  the  point  resistance,  the  gamma-ray  log  may  be  used  in  a dry 
hole  or  in  the  j)art  of  the  well  containing  steel  casing. 
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A s;i)ontan(‘ou.s-])otential  log  is  a record  of  the  difference  in  electrical 
potential  between  the  earth  at  the  surface  and  the  rock  opposite  the 
electrode  in  the  water-filled  boi'ehole.  Under  conditions  usually  met  in 
oil  wells,  where  the  formation  water  is  highly  conductive  (owing  to  dis- 
solved sodium  chloride)  and  the  borehole  fluid  is  relatively  fresh,  spon- 
taneous-potential logs  closely  resemble  gamma-i'ay  logs.  In  most  fresh- 
water wells,  however,  there  is  little  difference  between  the  conductivity  of 
the  formation  water  and  the  borehole  fluids,  and  the  electrolyte  content  of 
the  waters  is  small;  therefore,  the  spontaneous-])otential  logs  frequently 
cannot  be  used  for  interpretations  of  lithology.  The  changes  in  spon- 
taneous potential  with  depth  are  small  and  often  erratic,  so  that  the  log 
may  even  a[)pear  as  a straight  or  gently  wavy  line  uninfluenced  by 
changes  in  lithology.  (See  Fig.  2.)  In  this  study  the  spontaneous-potential 
log  has  proved  useful  occasionally,  in  conjunction  with  point  resistance 
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Figure  2.  Electric  log  of  well  La-150. 
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logs,  in  delineating  coal;  this  use  is  possible  only  when  the  coal  is  as- 
sociated with  concentrations  of  sulfides  that  have  been  at  least  partly 
oxidized,  so  that  some  highly  conductive  sulfuric  acid  is  present.  Examples 
illustrating  the  use  of  spontaneous-potential  logs  to  locate  coal  beds  are 
shown  in  Figure  3.  The  possibility  of  misinterpretation  is  still  present, 
however,  and  the  technique  must  be  used  cautiously  and  in  conjunction 
with  other  evidence. 

INIany  wells  penetrate  more  than  one  aquifer,  so  that  water  moves  out 
of  the  aquifer  having  the  higher  hydraulic  head  and  into  the  aquifer 
having  the  lower  head.  If  a slug  of  brine  is  introduced  into  the  well,  its 
direction  and  rate  of  movement  in  the  well  may  be  traced  by  means  of 
a fluid-conductivity  electrode,  which  measures  the  electrical  conductivity 
of  the  borehole  (Patten  and  Bennett,  1962).  If  the  diameter  of  the  well 
(shown  by  caliper  log)  is  used  in  conjunction  with  the  conductivity  meas- 
urements, the  volume  of  internal  discharge  may  be  estimated.  This  tech- 
nique was  useful  several  times  during  the  investigation  for  estimating 
the  volume  of  internal  discharge  and  for  determining  which  zones  in 
the  well  were  yielding  or  were  capable  of  yielding  water. 

WELL-NUMBERING  SYSTEM 

The  well-numbering  system  used  in  this  report  includes  an  identifica- 
tion number  and  a location  number.  The  well-identification  number 
consists  of  a two-letter  symbol  for  the  name  of  the  county  followed  by 
a serial  number  beginning  with  1 in  each  county.  The  county  symbols 
used  in  this  rc])ort  are  Bt  for  Butler  County,  La  for  Lawrence  County, 
and  Mr  for  Mercer  County.  For  example,  Mr-60  identifies  the  60th  well 
scheduled  in  Mercer  County. 

The  well-location  number  is  composed  of  two  parts  separated  by  a 
hyi)hen — E3a-2612.  The  first  part,  “E3a”,  refers  to  the  coordinate  system 
used  to  identify  the  individual  7V2  minute  quadrangle  maps.  This  system 
employs  the  use  of  the  letter  A through  L (except  I)  along  the  west 
border  of  the  State  of  Pennsylvania  to  designate  from  north  to  south 
each  15-minute  interval  of  latitude.  Similarly,  the  numbers  1 through 
25  are  used  along  the  north  border  to  designate  from  west  to  east  each 
15-minutc  interval  of  longitude.  Each  pair  of  coordinates  designates  a 
15-minutc  quadrangle  that  is  subdivided  into  four  parts  by  using  the 
letters  a,  b,  c,  and  d to  represent  the  northwest,  northeast,  southwest, 
and  southeast  quarters,  respectively. 

The  second  partyof  the  well-location  number  consists  of  a four-digit 
number  that  identifies  the  northwest  corner  of  a one-hundredth  square- 
mile  area  within  any  7^2  minute  quadrangle  map.  The  first  two  figures 
refer  to  the  number  of  tenths  of  a mile  between  the  northern  boundary 
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Bt-17 


Figure  3.  Electric  and  sample  logs  of  well  Bt-17 
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of  the  7V2  luinuto  fiuadranglc  map  and  the  northern  boundary  of  the 
one-hundredth  s;f|uare-mile  area  containing  the  well  site.  The  last  two 
figures  refer  to  the  distance  between  the  western  boundary  of  the  7^2 
minute  fiuadrangle  map  and  the  western  boundary  of  the  one-hundredth 
square-mile  area  containing  the  well  site.  Thus,  a well  having  the  loca- 
tion number  E3a-2612  is  situated  between  2.6  and  2.7  miles  south  and 
between  1.2  and  1.3  miles  east  of  the  north  and  west  boundaries,  respec- 
tively, of  the  7Vi>  minute  (luadrangle  designated  “E3a”. 

The  location  of  the  wells  is  shown  in  Plate  4. 
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PREVIOUS  INVESTIGATIONS 

Reconnaissances  of  the  geology  of  western  Pennsylvania  were  made  by 
geologists  of  the  Pennsylvania  Second  Geological  Survey  and  published 
as  county  rejjorts  (Chance,  1879;  White,  1879,  1880).  No  subsequent 
geologic  studies  have  been  made  of  the  Pennsylvanian  and  Alississippian 
rocks  in  the  Mercer  ([uadrangle,  but  reports  on  the  geology  of  the  follow- 
ing adjacent  ([uadi'angles  have  been  published:  the  New  Castle  quad- 
rangle (DeWolf  1929),  the  Butler  and  Zelienople  quadrangles  (Richard- 
son 1936),  the  Hilliards  quadrangle  (Sherrill  and  Alatteson  1939),  and 
the  Franklin  (piadrangle  (Sherrill  and  Alatteson  1941).  (See  Fig.  1.) 

The  glacial  dei)osits  of  northwestern  Pennsylvania  are  discussed  briefly 
in  the  reports  of  the  Pennsylvania  Second  Geological  Survey  and  in  more 
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detail  in  the  works  of  Chamberlin  (1883)  and  Leverett  (1902,  1934). 
DeWolf  (1929)  described  the  Pleistocene  geology  of  the  New  Castle 
quadrangle. 

Reports  concerned  more  directly  with  the  glacial  geology  of  the  fiercer 
fjiiadrangle  include  Preston’s  (1950)  discussion  of  glacial  lakes  along 
this  part  of  the  ice  front  and  Ritler’s  (1957)  detailed  description  and 
map  of  the  glacial  sediments  of  the  INIcrcer  quadrangle  and  adjoining 
quadrangles.  An  excellent  summary  of  the  present  status  of  knowledge 
of  the  glacial  geology  of  northwestern  Pennsylvania  is  given  by  Shepps 
and  others  (1959). 

The  ground-water  resources  of  western  Pennsylvania  were  described 
by  Leggette  (1936)  and  Piper  (1933). 

GEOGRAPHY 

Physiographn. — The  Mercer  quadrangle  is  in  the  western  part  of  the 
Allegheny  Plateau  Province  (Fenneman,  1938,  j).  283).  All  but  the 
extreme  southeast  corner  of  the  area  lies  within  the  Glaciated  Allegheny 
Plateau.  (See  Plate  1.) 

Glaciation  jn-oduced  many  changes  in  the  toi)ography  and  drainage  of 
the  quadrangle.  Preglacial  valleys  were  fdled  l)y  the  glacial  debris  so 
that  the  surface  relief  is  now  less  than  that  of  the  unglaciated  Allegheny 
Plateau  lying  to  the  south  and  east.  The  elevation  of  the  land  is  greatest 
along  the  eastern  mai'gin  of  the  (luadrangle,  reaching  a maximum  of 
about  1,500  feet  in  Worth  Townshi]),  Mercer  County,  in  the  northeast 
corner  of  the  area.  The  surface  of  the  land  declines  generally  westward 
and  reaches  its  lowest  point  at  the  western  edge  of  the  area,  along  Neshan- 
nock  Creek,  neai'  the  Mei'cer-Lawrenct'  County  line,  where  the  elevation 
is  about  1,000  feet. 

The  drainage  system  disi'upted  by  tlie  Wisconsin  glaciation  has  not  yet 
been  completely  I'e-establislied,  as  shown  by  the  many  swamps  scattered 
throughont  the  aiaai.  Neshannock  Creek  and  its  ti'ibutaries  are  developing 
a drainage  system  in  the  northwestern  part  of  the  area,  while  the  Wolf 
Ci'eck-Slippery  Rock  Ci'eek  system  is  ih'veloping  in  tlie  eastern  and 
southern  part.  Both  stream  systems  flow  southwestward  into  the  Beaver 
River,  which  flows  into  the  ( )hio  Itiver. 

Cliinnte. — Climatological  data  were  taken  from  records  of  the  U.  S. 
Weather  Bui'eau  station  at  Grove  City,  wliich  was  established  in  1907 
;md  discontiniusl  in  1942.  Sonu‘  of  these  data  are  shown  in  the  following 
table. 
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Mean  monthly  temperature  and  precipitation  at  Grove  City,  Pa. 
for  the  years  1907-1942,  inclusive. 


Temperature  Precipitation 

(°F)  (inches) 


Jan. 

27.4 

Jan. 

3.14 

Feb. 

27.8 

Feb. 

2.30 

Mar. 

37.2 

Mar. 

3.14 

Apr. 

47.9 

Apr. 

3.26 

May 

58.3 

May 

3.92 

Jun. 

66.4 

Jun. 

3.98 

Jul. 

70.6 

Jul. 

4.18 

Aug. 

68.7 

Aug. 

3.32 

Sept. 

63.4 

Sept. 

3.36 

Oct. 

52.2 

Oct. 

3.20 

Nov. 

40.5 

Nov. 

2.92 

Dec. 

30.3 

Dec. 

2.91 

The  mean  annual  precipitation  for  the  36-year  period  of  record  was 
39.63  inches.  Mean  monthly  precipitation  ranges  from  a low  for  February 
of  2.30  inches  to  a high  for  July  of  4.18  inches. 

The  mean  annual  temperature  for  the  period  of  record  was  49.2 °F. 
Mean  monthly  temperatures  were  lowest  in  January  (27.4 °F)  and 
highest  in  July  (70.6°F).  The  growing  season  averaged  138  days  and 
the  frost-free  pei’iod  extended  from  May  18  to  October  3. 

Population. — The  population  of  the  Mercer  quadrangle,  based  on  the 
preliminary  report  of  the  1960  census,  is  estimated  to  be  28,000.  About 
48  percent  of  the  people  live  in  rural  areas  and  the  remainder  in  the 
following  communities:  Grove  City  (pop.  8,342),  Mercer  (pop.  2,800), 
Slippery  Rock  (pop.  2,581),  and  Harrisville  (pop.  895). 

GEOLOGY 

STRATIGRAPHY 
Mississippian  System 

A twofold  subdivision  of  Mississippian  rocks  is  generally  recognized 
in  Pennsylvania.  The  boundary  between  them  occurs  approximately  at 
the  boundary  between  the  Chester  and  Meramec  Series  (Weller  and 
others,  1948,  p.  101).' 

In  western  Pennsylvania  the  lower  unit  has  been  divided  into  several 
formations  or  groups,  from  oldest  to  youngest  they  are:  Cussewago  Sand- 
stone, Bedford  Shale,  Berea  and  Corry  Sandstones,  Cuyahoga  Group 
(Orangeville  Shale,  Sharpsville  Sandstone,  and  Meadville  Shale), 
Shenango,  Hempfield,  and  Burgoon  Formations.  They  are  characterized 
by  white,  gray,  greenish  or  yellowish  color  and,  with  the  exception  of 
the  Cussewago  Sandstone  and  the  Burgoon  Sandstone,  are  probably 
marine  in  origin.  They  have  been  named  from  type  areas  in  western 
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Pennsylvania  or  Ohio.  Becau>e  some  doubt  still  exists  as  to  their  exact 
correlation  with  the  Pocono  Formation  of  eastern  Pennsylvania  (Carlyle 
Gray,  1960,  i^ersonal  communication),  the  use  of  Pocono  as  a group 
[or  series]  term  for  these  formations  is  avoided  in  this  report. 

The  upper  unit  of  Mississippian  rocks  is  termed  the  INIauch  Chunk 
Formation.  It  is  characteristically  red  and  is  considered  to  be  of  con- 
tinental origin.  The  Maueh  Chunk  is  reported  to  be  absent  throughout 
the  greater  part  of  northwe.stern  Penn.sylvania,  although  red  beds  near 
the  top  of  the  INIississippian  section  in  this  part  of  the  state  have  been 
noted  occasionally  by  several  geologists  (Sherrill  and  INIatteson,  1941, 
p.  10)  and  (Dickey  and  others,  1943.  p.  14).  Where  the  Mauch  Chunk 
is  absent,  the  Burgoon  is  overlain  directly  by  rocks  of  Pennsylvania  age. 

No  INIississippian  formations  are  exposed  in  the  Alercer  quadrangle. 
However,  the  Shenango,  Hempfield,  and  Burgoon  Formations  are  present 
beneath  the  glacial  sediments  in  the  valleys  of  Neshannock  and  Wolf 
Creeks  (Plate  2).  The  discussion  of  klississiiyhan  strata,  therefore,  will 
be  limited  to  these  three  formations. 

Shencuuin  Formation 

Correlation. — The  Shenango  Formation  was  first  named  the  Shenango 
Sandstone  by  I.  C.  White  (1880,  p.  60)  from  its  occurrence  along  the 
Shenango  River  in  western  IMercer  County,  Pa.  White  described  it  as 
a very  persistent,  massive,  and  very  ferriferous  sandstone,  containing 
large  quantities  of  iron-ore  balls,  fish  remains,  and  shells.  The  distinctive 
character  of  the  sandstone  makes  it  an  excellent  marker  bed.  White  was 
able  to  trace  it  in  outcrojrs  from  its  type  occurrence,  near  Sharon,  Pa., 
northward  and  eastward  through  Mercer  and  Crawford  Counties  to 

arren  and  Venango  Counties — even  though  the  formation  increases  in 
thickness  from  3 feet  near  Sharon  to  about  40  feet  at  Warren  and  becomes 
increasingly  pebbly  east  of  Meadville  (White,  1881,  p.  81). 

More  recently,  Sherrill  and  IMatteson  (1939,  p.  7-8;  1941,  p.  12-13) 
and  Dickey  and  others  (1943,  p.  15-18),  working  in  the  Hilliards,  Frank- 
lin, and  Oil  City  quadrangles  (see  Fig.  1),  described  a much  tliicker  and 
more  complex  formation  that  occurs  at  about  the  same  horizon  as  the 
sandstone  described  by  Whit('.  The  formation  is  of  uniform  character 
throughout  the  Franklin  and  Oil  City  ciuadrangles,  consisting  of  three 
sandstone  members  seiiarated  by  clayey  to  sandy  shale.  The  thickness 
ranges  from  65  to  95  feet  in  the  Franklin  and  Hilliards  quadrangles  and 
increases  eastward  to  about  160  feet  in  tlu'  northern  part  of  tlie  Oil  City 
riuadrangle. 

Although  the  ujiper  member  has  not  been  traced  into  Crawford  County, 
Sherrill  and  IMatteson  (1941,  p.  12)  believe  that  it  becomes  more  shaly 
northwestward  and  that  it  is  correlative  with  the  upper  part  of  the 
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Hempfield  Shale.  Sherrill  and  Matteson  (1941,  p.  12)  believe  the  middle 
member  is  correlative  with  the  Shenango  Formation  in  Crawford  County. 
The  lower  member  probably  represents  a sandy  development  of  the 
Meadville  Shale  of  the  Cuyahoga  Group  (Sherrill  and  Matteson  (1941, 
p.  13). 

In  the  Hilliards  ciuadrangle  the  Shenango  Formation  lacks  the  five- 
fold character  of  the  Franklin  and  Oil  City  quadrangles.  It  consists  of 
interbedded  sandstone  and  shale,  the  shale  beds  ranging  in  thickness 
from  less  than  1 inch  to  about  6 feet. 

Lithology  of  the  formation  in  the  Mercer  quadrangle— The  Shenango 
Formation  is  shown  as  an  easily  recognized  unit  on  electric  and  gamma- 
ray  logs  from  the  iNIercer  quadrangle;  so,  it  is  treated  here  as  a single 
formation,  even  though  (as  indicated  above)  it  may  ultimately  be  corre- 
lated with  parts  of  three  formations.  Its  thickness  increases  gradually 
eastward  from  90,  80,  and  93  feet  in  wells  Mr-67,  Mr- 1183,  and  Mr-944', 
respectively,  to  100,  113,  and  110  feet  in  wells  Mr-526,  Bt-158,  and  Bt-19. 
(See  Plate  3.) 

In  the  northwest  corner  of  the  quadrangle,  at  well  Mr-944,  the  forma- 
tion consists  of  alternating  beds  of  sandstone  and  shale  that  range  in 
thickness  from  1 to  22  feet.  In  the  central  part  of  the  quadrangle,  the 
sand  content  of  the  middle  of  the  formation  is  much  greater  than  in  the 
northwest  corner,  although  the  top  and  bottom  still  consist  of  thin  beds 
of  sandstone  and  shale.  In  wells  Mr-526  and  Bt-19,  in  the  east-central 
and  southern  parts  of  the  quadrangle,  the  sand  content  in  the  middle 
and  lower  parts  of  the  formation  is  even  greater  than  in  the  central  part, 
and  the  upper  part  remains  thin  bedded  sandstone  and  shale. 

Sample  logs  are  available  for  only  a few  wells  (Mr-1185,  Bt-158,  Bt-17, 
and  Bt-19)  in  the  eastern  part  of  the  quadrangle.  Except  for  a few  beds 
of  medium-grained  sandstone  near  the  top  of  the  formation  (in  well 
Mr-1185)  the  Shenango  is  composed  of  very  fine-  to  fine-grained  greenish- 
gray  sandstone  and  dark-gray  silty  shale.  The  sandstone  is  friable  in 
the  upper  jiart  of  the  formation,  but  it  is  a little  more  cohesive  in  the 
lower  part.  Small  flecks  of  muscovite,  biotite,  and  carbonized  plant  re- 
mains are  present  in  some  places. 

Hempfield  Shale 

I.  C.  White  (1880.  ju  59  (applied  the  name  Shenango  Shales  to  the 
beds  of  sandy  shale  and  flaggy  sandstones  that  overlie  his  Shenango 
Sandstone.  Caster  (1934,  p.  141)  suggested  that  the  name  be  changed 
to  Hempfield  Shale  for  exposures  of  the  formation  in  Hempfield  Town- 
shij),  Alercer  County,  Pa.  fin  keeping  with  modern  rules  of  stratigraphic 
nomenclature,  which  prohibit  the  duplication  of  geologic  names  for  units 
of  the  same  rank]. 
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Throughout  the  Mercer  quadrangle,  the  thickness  of  the  Hempfield 
Shale  ranges  from  40  to  60  feet.  At  a few  places  the  Hempfield  cannot 
he  distinguished  from  the  overlying  Burgoon  Sandstone,  and  the  thickness 
cannot  be  determined. 

Samples  are  available  from  wells  Bt-19,  Bt-17,  Bt-158,  Mr-1184,  and 
Mr-1185  in  the  eastern  third  of  the  area,  where  the  formation  ranges  from 
a light-gray  siltstone  to  a dark-greenish  silty  shale.  A few  beds  of  very 
fine  -to  fine-grained  sandstone  are  present  in  the  lower  part  of  the  forma- 
tion. Mudstone  is  abundant  in  the  upper  part  of  the  section  penetrated 
by  well  Air- 1185. 

Burgoon  Sandstone 

Charles  Butts  (1904,  p.  5)  first  applied  the  name  Burgoon  to  about  300 
feet  of  coarse  sandstone  exposed  along  the  track  of  the  Pennsylvania 
Railroad  on  the  Allegheny  Front  in  Blair  County.  Exposures  of  the 
formation  are  poor  in  western  Pennsylvania  so  that  it  is  known  chiefly 
from  well  cuttings.  Sherrill  and  Alatteson  (1939)  report  its  presence 
in  the  subsurface  in  the  Hilliards  quadrangle,  and  Butts  (1908,  p.  193) 
states  that  it  is  absent  at  New  Castle. 

In  the  Mercer  quadrangle  the  Burgoon  Sandstone  is  best  developed 
in  the  southeast  corner.  Northward  and  westward  from  there  the  Burgoon 
is  thinner  and  in  most  places  contains  more  shale.  (See  Plate  3.)  The 
thickness  decreases  northward  from  100  feet  at  well  Bt-19  to  56  feet  at 
well  AIr-379.  At  the  latter  well  the  Burgoon  consists  of  an  upper  shaly 
member  10  feet  thick  and  a lower  sandy  member  46  feet  thick.  Well 
AIr-930,  1.8  miles  west  of  well  AIr-379,  penetrated  40  feet  of  shale  and 
18  feet  of  sandstone  of  the  Burgoon.  Between  wells  AIr-379  and  Air- 11 84 
the  basal  sandy  member  disappears,  and  the  shaly  member  becomes 
indistinguishable  from  the  underlying  Hempfield  Shale. 

Data  on  the  deep  formations  are  lacking  in  the  southwestern  part  of 
the  quadrangle.  However,  farther  north,  in  Washington  and  Springfield 
Townships,  the  electric  and  gamma-ray  logs  of  several  abandoned  oil 
wells  provide  sufficient  control  to  show  that  the  Burgoon  consists  of  a 
northwest-trending  sandstone  30-40  feet  thick.  This  sandstone  grades 
laterally  into  shale  and  sandy  shale  within  a short  distance.  (See  Plate 
5.) 

Well  logs  indicate  that  the  Burgoon  is  probably  absent  in  the  northwest 
corner  of  the  quadrangle. 

The  areal  limits  of  the  Burgoon  cannot  be  outlined  precisely  by  using 
information  available  in  1960.  However,  the  formation  is  probably  absent 
a few  miles  beyond  the  west  edge  of  the  quadrangle — inasmuch  as  the 
formation  is  absent  from  the  northern  third  of  the  quadrangle,  appears 
to  be  confined  to  narrow  channels  in  the  west-central  part,  and  thins 
northwestward  from  100  feet  at  well  Bt-19  to  about  45  feet  at  well  La-428. 
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Samples  are  available  from  wells  Bt-17,  Bt-19,  and  Bt-158,  in  the 
eastern  part  of  the  area,  where  the  formation  consists  mostly  of  fine-  to 
medium-grained,  light-gray  to  greenish-gray  sandstone.  The  sandstone 
is  present  in  the  samples  chiefly  as  small  chijis,  though  some  beds  are 
sufficiently  friable  to  yield  samples  composed  predominantly  of  loose 
grains.  Some  of  tbe  samides  contain  muscovite,  siderite,  and  carbonized 
plant  remains. 


IMississippian-Pennsylvanian  contact 

The  position  of  the  contact  Iretween  Mississippian  and  Pennsylvanian 
rocks  in  western  Pennsylvania  has  been  the  subject  of  much  speculation. 
Exposures  are  scarce  and  fossils  are  rarely  found  in  these  rocks,  so  that 
interpretations  are  usually  based  on  lithologic  correlation  of  well  samples 
and  on  standard  intervals  from  certain  marker  beds.  DeWolf  (1929,  p. 
57-61 ) summarized  the  problems  of  classification  and  correlation  of  these 
formations  in  western  Pennsylvania.  The  classification  adopted  in  this 
repm’t  places  the  contact  between  the  top  of  the  Burgoon  Sandstone 
and  the  base  of  the  Sharon  Formation  (or  Connoquenessing  Formation 
if  the  Sharon  is  absent). 

In  this  report,  identification  of  the  Burgoon,  Sharon  and  Connoquenes- 
sing Formations  is  based  chiefly  on  selected  electric  and  gamma-ray  logs 
of  wells  several  hundred  feet  deep.  The  most  valuable  logs  for  such 
purposes  are  those  from  wells  where  the  formations  consist  of  prominent 
beds  of  alternating  sandstone  and  shale,  rather  than  those  in  which 
several  formations  are  fused  into  a continuous  sequence  of  sandstone 
or  shale.  Identification  is  made  by  beginning  with  a formation  that  is 
easily  recognizable  on  the  log,  or  one  that  may  be  correlated  with  a known 
exposure;  the  other  strata  are  then  named  from  the  known  stratigraphic 
succession.  Following  identification  of  the  formations  on  the  more  easily 
interpreted  logs,  correlation  is  made  with  the  logs  containing  less  definitive 
sequences  of  sandstone  and  shale. 

When  the  above  procedure  is  applied  to  the  log  of  the  Hockenberry 
Well  No.  ] (Bt-1581,  it  becomes  evident  that  those  strata  lying  between 
252  and  393  feet  below  the  surface,  and  assigned  to  the  Mississippian 
by  Fettke  (1961,  p.  39),  are  correlative  with  both  the  Connoquenessing 
and  Burgoon  Formations.  On  the  basis  of  such  comparison,  then,  the 
present  writer  places  the  top  of  the  IMississipiiian  j)enetrated  by  this  well 
at  330  feet  below  the  land  surface. 

The  exact  nature  or  configuration  of  the  contact  in  the  fiercer  quad- 
rangle is  somewhat  obscure,  because  the  facies  changes  in  the  Burgoon 
Sandstone  obscui’c  all  evidence  of  tilting  or  extensive  erosion  of  the 
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Mississippian  sediments  prior  to  the  deposition  of  the  Pottsville  sands. 
Butts  1 1908,  pi.  VIII I , by  means  of  a geologic  cross  section  along  the 
Allegheny  River,  showed  the  iSIississippian  and  Devonian  sediments  as 
rising  northward  in  a series  of  gentle  steps  and  the  Pennsylvanian  forma- 
tions overlying  older  beds  in  that  direction.  Caster  ( 1934.  Fig.  12)  revised 
the  section  to  show  a continuous,  but  far  more  gentle,  northward  rise 
of  the  pre-Pennsylvanian  strata. 

In  their  report  on  the  Hilliards  quadrangle,  Sherrill  and  iMatteson 
1 1939.  p.  6 1 stated;  “Because  of  this  unconformity  the  distance  from  the 
‘key’  Vanport  Limestone  to  iSIississippian  and  Devonian  sands  increases 
about  40  feet  southward  across  thi'  quadrangle  and  has  resulted  in  much 
of  the  misnaming  of  sands  in  the  well  records.  &uch  indirect  estimates 
of  the  dip  may  lead  to  errors  because  of  changes  in  the  thickness  of  the 
intervening  formations.  For  instance,  the  thickness  of  the  Pottsville 
Group  changes  from  178  feet  at  well  Bt-19  to  222  feet  at  well  Bt-17, 
chieflv  because  of  changes  in  the  thickness  of  the  Alercer  Formation. 

Pennsylvanian  System 

The  term  Pennsylvanian,  as  ajiplied  to  stratigraphy,  was  first  used  by 
H.  S.  Williams  11891.  p.  83)  to  designate  certain ‘strata  that  extended 
from  the  base  of  the  Pottsville  “formation”  to  the  top  of  the  Dunkard 
“formation"  in  the  northern  Appalachian  region.  The  Dunkard  Group 
has  subsequently  been  assigned  to  the  overlying  Permian  System. 

A fourfold  division  of  the  Pennsylvanian  rocks  is  recognized  in  the 
western  part  of  the  Commonwealth.  In  ascending  order,  they  are  the 
Pottsville,  Allegheny,  Conemaugh,  and  Alonongahela  Groups.  Only  the 
lower  two  groups  are  present  in  the  Alercer  quadrangle  and,  according^ , 
discussion  is  limited  to  them. 

Pottsville  Group 

The  Pottsville  Group  is  divided  into  four  major  divisions.  From  oldest 
to  youngest  they  are  the  Sharon,  Connoquenessing.  Mercer,  and  Home- 
wood  Formation'.  These  formations  are  characterized  by  a preponder- 
ance of  sandstone  throughout  much  of  their  extent.  They  may  differ 
considerably  in  lithology  from  place  to  place,  and  may,  locally,  be  very 
.'haly.  This  makes  differentiation  of  the  individual  sandstones  difficult, 
for  where  they  are  well  devcloiied.  each  of  the  sand.'tones  is  comi')o.''ed 
almost  entirely  of  well-rounded,  medium  to  very  coarse  quartz  grains. 
Coal  mav  be  developed  m each  of  the  formations.  The  thickness  of  the 
group  in  the  iMcrcer  fpiadrangle  ranges  from  D8  to  26i  feet  and  a\eiage^ 
236  feet. 
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Sharon  Formation 

The  Sharon  Formation  was  named  by  I.  C.  White  (1880,  p.  51-58) 
for  exposures  of  coal,  shale,  sandstone,  and  conglomerate  near  the  city 
of  Sharon,  Pa.  According  to  a recent  study  by  Fuller  (1955)  of  exposures 
of  the  Sharon  in  ( )hio,  it  consists  dominantly  of  medium-grained  quartz 
sandstone  that  gi’ades  laterally  into  a series  of  conglomerate  beds  and 
was  probably  deposited  in  a deltaic  environment.  The  Sharon  is  present 
in  Ohio  in  th.ree  areas  of  outcrop,  two  in  the  northern  part  of  the  state 
and  one  in  the  southern  part.  Fuller  believes  the  type  area  to  be  con- 
tinuous with  the  Sharon  in  the  easternmost  of  the  two  northern  areas 
in  Ohio  and  postulates  a northern  source  for  these  rocks.  The  sands  and 
gravels  of  the  southern  belt  he  believes  were  derived  from  the  southeast. 

The  Sharon  Formation  is  underlain  by  the  Hempfield  Shale  and  over- 
lain  by  the  lower  member  of  the  Connoquenessing  Formation.  In  the 
fiercer  quadrangle  the  Sharon  is  probably  limited  to  the  northwest  corner, 
where  it  is  tentatively  identified  in  the  log  of  well  Mr-944.  (See  Plate  3.) 
In  this  well  it  consists  of  22  feet  of  sandstone  overlain  by  28  feet  of  shale. 
Well  Mr-929,  about  2%  miles  northeast  of  Mr-G44,  penetrated  56  feet 
of  soft  shale  at  ai)proximately  the  stratigraphic  position  of  the  Sharon 
Formation.  The  log  of  an  oil  well  (Mr-1183)  about  3 miles  southeast  of 
Mr-944  shows  140  feet  of  sandstone  between  the  Hempfield  and  Mercer 
Formations.  As  this  is  approximately  the  thickness  of  the  Connoquenes- 
sing Formation  in  this  part  of  the  area,  and  the  underlying  Hempfield 
also  is  of  normal  thickness,  it  is  inferred  that  the  shale  and  the  sandstone 
units  identified  as  Sharon  Formation  in  well  Mr-944  do  not  extend  south- 
ward to  well  Mr- 1183. 

Criteria  arc  lacking  for  positive  identification  of  the  Sharon  Formation 
in  well  Mr-944.  Because  the  Sharon  and  Burgoon  Formations  are  bounded 
by  the  same  units  if  one  or  the  other  of  the  formations  is  missing,  and 
because  the  Burgoon  is  not  known  to  occur  with  the  Sharon,  the  strata 
identified  as  the  Sharon  Formation  in  well  Mr-944  could,  conceivably, 
be  the  Burgoon  Sandstone.  Inasmuch  as  the  Burgoon  has  a southeastern 
source  and  thins  northward  and  westward  across  the  quadrangle,  it  ap- 
pears to  have  no  genetic  relation  to  the  tentatively  identified  strata  in 
well  Mr-944,  which  have  a northern  source  and  a small  areal  extent  in 
the  Mercer  fpiadranglc.  The  sandstone  identified  as  part  of  the  Sharon 
Formation  in  well  Mr-944  anrl  the  sandstone  of  the  Burgoon  may  have 
been  laid  down  simultaneously  from  different  directions.  If  this  were 
true,  the  region  between  these  two  sandstones  would  probably  contain 
sandy  shale  and  shaly  sanrlstoncs  deposited  by  the  vigorous  current  and 
tidal  action  that  would  be  present  within  the  strait  between  the  areas 
in  which  the  sandstones  were  l)eing  deposited.  If  deposition  of  the  two 
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sandstones  was  not  simultaneous,  and  these  units  were  deposited  in 
open  water  at  different  times,  they  would  grade  into  shale  .that  would 
become  finer  as  the  distance  from  the  source  increased.  As  the  intervening 
area  contains  fine  shale,  the  strata  \mder  consideration  in  well  Mr-944 
are  identified  as  the  Sharon  Formation  until  their  relationship  to  the 
Sharon  of  the  type  area  can  be  determined. 

Connoquenessing  Formation 

I.  C.  White  (1878,  p.  66)  first  apjdied  the  name  Connocjuenessing  Sand- 
stone to  a formation  above  the  Sharon  Shales  typically  exposed  along 
the  Beaver  River  and  the  Connoquenessing  Creek.  According-  to  White, 
the  formation  was  composed  of  three  members  as  follows:  “(a)  upper 
member,  a very  massive,  hard,  white  sandstone,  40  feet  to  50  feet;  (b) 
middle  member,  darkish  sandy  shales,  generally  containing  iron  ore  at 
the  top,  and  sometimes  a thin  coal  below,  35  feet  to  40  feet;  and  (c)  lower 
member,  a hard,  massive,  grayish-brown  sandstone,  20  feet  to  25  feet.” 
White  (1879,  p.  65-66)  used  the  name  Quakertown  for  the  coal  and 
“Iron  Shales”  of  the  middle  member  exi)osed  near  Quakertown  Station,  Pa. 

In  this  report,  the  Conno(|uenessing  Formation  is  defined  as  consisting 
of  a lower  member,  composed  of  sandstone;  a middle  member,  composed 
predominantly  of  shale  but  including  also  a bed  of  coal  and  local  thin 
sandstones;  and  an  upper  member,  composed  of  sandstone.  The  name 
Quakertown  is  restricted  to  the  bed  of  coal  in  the  middle  member. 

Lower  member 

The  lower  member  of  the  Connoquenessing  Formation  is  composed  of 
sandstone  and  is  the  oldest  unit  exposed  in  the  Mercer  quadrangle.  It 
is  exposed  in  the  northwestern  part  of  the  area  only,  as  at  stations  1-3 
in  Plate  1 (station  1 appears  on  the  fence  diagram  in  Plate  3 as  1182). 
The  member,  as  exposed  at  stations  1 and  2,  con.sists  of  light-gray,  well- 
cemented,  fine-  to  medium-grained,  thin-  to  thick-bedded  sandstone. 
About  10  feet  of  the  member  is  exposed  at  station  1 and  about  6 feet  is 
exposed  above  stream  level  at  station  2.  The  lower  contact  is  concealed  at 
each  station,  but  the  contact  with  the  overlying  black  shale  of  the  middle 
member  may  be  seen  at  station  2. 

At  station  3,  about  20  feet  of  the  ujiper  member  and  35  feet  of  the 
lower  member  are  exposed  along  a small  stream.  A covered  interval  of 
about  10  feet  may  include  tlic  middle  member,  although  a driller’s  log 
of  a nearby  well  (Mr-936)  indicates  that  the  middle  member  is  probably 
missing,  and  the  upper  member  is  resting  on  the  lower  member. 

Measurements  of  poorly  defined  crossbedding  in  the  lower  member  at 
station  3 show  that  the  crossbeds  dip  19°  S.50°W.  and  19°  N.35°W. 
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Samples  from  wells  Bt-17,  Bt-19,  Bt-158,  and  Mr-1184,  in  the  eastern 
third  of  the  quadrangle,  show  that  the  member  is  predominantly  fine- 
grained sandstone.  The  cementation  of  the  sandstone  increases  downward 
within  the  member.  Shale  and  occasional  siderite  fragments  are  common 
throughout  the  member  in  the  southeastern  part  of  the  quadrangle  and 
in  the  basal  part  throughout  the  quadrangle,  but  they  become  less  com- 
mon northward  in  the  quadrangle. 

The  thickness  of  the  lower  member  in  the  area  ranges  from  30  to  78 
feet  and  averages  about  50  feet.  The  base  usually  is  difficult  to  determine 
accurately,  however,  because  it  lies  directly  on  another  sandstone  over 
much  of  the  area.  The  lower  member  thickens  and  thins  gradually  from 
place  to  place  without  significant  linear  trend  and  does  not  appear  to 
be  a channel-type  sandstone. 

Middle  member 

The  middle  member  is  composed  predominantly  of  shale  but  also  con- 
tains coal  and  thin  beds  of  sandstone.  The  member  is  exposed  at  stations 
1 and  2 only,  in  the  northwestern  part  of  the  quadrangle.  (See  Plate  1.) 
At  station  1 the  exposure  of  the  member  is  limited  to  a bed  of  coal  2 feet 
thick  overlain  by  gray  shale  1 foot  thick.  At  station  2,  at  Hope  Mills, 
the  entire  member  is  exposed  either  in  the  east  bank  of  the  Neshannock 
Creek  or  in  a small  tributary  that  enters  Neshannock  Creek  at  this  station. 
Here  the  member  is  overlain  and  underlain  by  sandstone  of  the  upper 
and  lower  members  and  consists  of  the  following  units: 

Thickness 
(in  feet) 


Connoquenessing  Formation,  middle  member 

Shale,  black  17 

Siderite,  black  % 

Sandstone,  gray,  fine-grained,  crossbedding  dips  18°  S.88°E 4 

Coak  1 

Shale,  silty,  black  % 

Shale,  platy,  black % 

Underclay  1 

Shale,  black  15 

Siderite,  black  % 

Shale,  black  8 


AVhite  (1880,  p.  144)  called  this  coal  the  Sharon  coal,  apparently  on  the  basis  of  its 
distance  below  the  Brookville  coal. 

Subsurface  data  reveal  that  the  middle  member  differs  widely  in  thick- 
ness and  character  in  the  Mercer  quadrangle.  At  well  Mr-1184,  at  the 
northern  edge  of  the  quadrangle,  the  member  is  37  feet  thick  and  consists 
of  6 feet  of  black  slxale  and  coal  underlain  by  31  feet  of  mudstone  con- 
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taining  one  thin  siltstone  and  one  very  fine-  to  fine-grained  sandstone. 
At  Grove  City  it  is  2 and  4 feet  thick  at  wells  i\Ir-379  and  iMr-945,  and 
8 feet  thick  at  well  Mr-390.  It  is  27  feet  thick  at  well  AIr-1131,  at  the 
western  edge  of  Grove  City,  and  40  feet  thick  at  well  iMr-930,  about 
half  a mile  farther  northwest.  At  well  ]Mr-67,  in  the  we.st-central  part 
of  the  quadrangle,  the  middle  member  is  14  feet  thick.  In  the  southeast, 
at  wells  Bt-25  and  Bt-17,  the  member  is  represented  by  only  1 foot  of 
black  shale  or  coal.  At  well  Bt-19,  near  the  southern  edge  of  the  map, 
the  coal  is  absent,  and  the  member  is  represented  by  only  10  feet  of  shale. 

Some  insight  into  the  nature  of  the  changes  in  thickness  is  given  by 
three  wells  in  western  Springfield  townshijn  (See  Fig.  C,  Plate  5.)  For 
example,  in  a distance  of  about  600  feet,  from  well  Mr-595  to  well 
Mr-388,  the  middle  member  thins  from  54  feet  to  16  feet.  Between  wells 
Mr-595  and  Mr-383,  a distance  of  about  2,000  feet,  the  middle  member 
thins  from  54  feet  to  24  feet. 

Upper  member 

The  upper  member  is  composed  of  sandstone.  Exposures  of  the  upper 
member  are  more  abundant  than  those  of  the  lower  2 members.  They 
occur  at  stations  1-4,  in  the  northwestern  part  of  the  quadrangle;  station 
5,  east  of  Millbrook;  station  6,  at  Springfield  Falls;  and  station  7,  on 
Slippery  Rock  Creek  east  of  Harlanslmrg,  Pa.  (See  Plate  1. ) The  contact 
between  the  upper  member  and  the  overlying  or  underlying  units  is  ex- 
posed at  stations  1,  2,  and  6 only.  The  top  of  the  member  may  be  in- 
ferred at  station  4 also  by  the  exjrosures  of  shale  of  the  Mercer  Formation 
in  gullies  in  an  abandoned  road  a few  hundred  yards  away. 

The  most  complete  exposure  of  the  upper  member  is  at  station  4,  where 
55  feet  of  gray  to  buff,  fine-  to  medium-grained  quartz  sandstone  are 
exposed  in  an  old  quarry.  The  grains  are  well  rounded  and  well  cemented. 
Some  clay  is  present  m the  interstices  of  the  rock,  but  it  is  most  abundant 
in  some  of  the  thinner  beds.  The  rock  becomes  finely  speckled  or  even 
rust  streaked  upon  weathering,  owing  to  oxidation  of  iron-bearing  min- 
erals. The  sandstone  is  thin-  to  thick-bedded.  Cross-bedding  is  not 
prominent,  but,  where  present,  it  dips  16°  N.  50°  W. 

The  rock  exposed  at  station  5 differs  somewhat  from  that  in  the  north- 
west corner  of  the  area.  The  bed  cropping  out  along  the  road  at  the  top 
of  the  hill  at  station  5 is  composed  of  clear,  well-rounded,  medium-grained, 
tightly  cemented  quartz  grains.  The  rock  has  a sugary  appearance  on  a 
fresh  surface.  At  the  crest  of  the  hill  about  1 foot  of  the  bed  is  exposed 
and  beneath  that  there  is  a covered  interval  10  feet  thick.  Below  the 
covered  interval,  40  feet  of  light-gray,  fine-grained,  thin-bedded  clayey 
sandstone  is  exposed. 
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At  station  6,  the  following  section  is  exposed: 

Thickness 
(in  feet) 


Homewood  Formation 

Sandstone,  light-gray,  weathering  dark  gray  to  brown;  medium  to  coarse 
angular  grains;  loosely  cemented;  iron  staining  in  bands;  beds  2 feet 
thick;  crossbedding  prominent,  dip  27°  N.85°W.  in  upper  set, 

27°  N.37°W.  in  middle  set,  and  23°  N.85°W.  in  lower  set;  forms  upper 

falls  35 

Sandstone,  similar  to  above  but  beds  2 to  6 inches  thick ; crossbedding 
27°  N.30°W.  and  25°  N.44°W.  component  of  dip  seen  in  plane  of  falls 

is  8°  W;  forms  top  part  of  lower  falls  22 

Mercer  Formation 

Coal  0.2 

Connoquenessing  Formation,  upper  member 
Sandstone,  light-gray,  weathering  dark  gray  to  brown,  medium,  well- 
rounded  grains ; well  cemented ; horizontal  planar  beds ; extends  down- 
ward to  base  of  falls  8 

Sandstone,  medium-grained  becoming  fine-  to  very  fine-grained  near 
base  of  outcrop;  beds  less  than  1 to  2 inches  thick;  downstream  from 
base  to  falls  36 


The  sandstone  above  the  coal  resembles  the  Homewood  Formation  in 
appearance  and  stratigraphic  position.  Its  top  is  about  35  feet  below  the 
top  of  the  Vanport  Limestone,  which  is  exposed  in  a small  quarry  about 
1 mile  to  the  southeast.  The  coal  is  considered  to  be  one  of  the  coal  beds 
in  the  Mercer  Formation. 

The  sandstone  below  the  coal  resembles  the  Connoquenessing  Forma- 
tion, but  because  it  appeared  to  be  too  high  stratigraphically,  it  was 
initially  considered  to  be  part  of  the  channel  deposit  of  the  Homewood 
Formation.  However,  the  electric  log  of  a nearby  oil  well  (Mr-383), 
shows  a continuous  sequence  of  sandstone  from  the  top  of  the  middle 
member  of  the  Connoquenessing  Formation  upward  to  a shale  break 
that  occurs  at  the  same  elevation  as  the  coal  in  the  face  of  the  falls, 
so  that  the  upper  member  of  the  Connoquenessing  is  100  feet  thick.  If 
the  log  of  well  Mr-383  is  compared  with  the  logs  of  some  oil  wells  in 
northern  Lawrence  County  (Fig.  C,  Plate  5),  correlation  of  this  sandstone 
with  the  upper  member  is  strengthened. 

White  (1880,  p.  87)  considered  that  the  section  at  station  6 showed 
the  3 members  of  the  Connoquenessing. 

Station  7,  east  of  Harlansburg,  is  an  isolated  outcrop  20  feet  thick. 
The  standstone  is  thick  bedded  and  is  composed  of  coarse,  well-rounded, 
well-cemented  quartz  grains  stained  buff  to  brown  by  iron  compounds. 
Locally  the  iron-bearing  materials  may  be  concentrated  into  dark-reddish- 
brown  bands  one-eighth  to  one-quarter  inch  wide. 
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Samples  of  the  upper  member  are  available  from  wells  Bt-17,  Bt-19, 
Bt-158,  and  Mr- 1184.  (Sec  Table  6.)  They  consist  of  light-gray  (puirtz 
sandstone  containing  grains  that  range  in  size  from  very  fine  to  coarse 
but  are  generally  fine  to  medium.  The  fine  grains  are  present  in  the 
samples  as  aggregates,  but  the  medium  and  coarse  grains  are  generally 
present  as  loose  grains.  The  grain  size  is  generally  coarsest  at  the  base 
of  the  member  and  becomes  gradually  finer  upward.  This  relationship 
exists  at  well  Bt-17,  except  that  the  very  fine  grains  are  present  through- 
out the  member.  Dark-gray  and  black  shale  are  present  in  some  samples, 
and  plant  remains  are  re])orted  in  some  of  the  samples  from  well  Bt-17. 

The  thickness  of  the  member  in  the  Mercer  quadrangle  ranges  from 
10  to  100  feet  and  averages  40  feet.  It  is  considerably  thinner  throughout 
most  of  the  eastern  part  of  the  (piadrangle,  where  the  average  thickness 
is  25  feet.  The  maximum  thickness  in  the  eastern  part  of  the  quadrangle 
is  52  feet  thick — in  well  Mr-379,  at  Grove  City. 

The  most  persistent  unit  in  the  up]ier  member  is  about  24  feet  thick. 
This  unit  is  easily  recognized  on  electric  logs  from  much  of  the  area  by 
its  high  electrical  resistance,  nearly  constant  thickness,  and  its  high 
degree  of  homogeneity  in  relation  to  the  adjacent  units.  It  is  present  in 
the  following  wells  at  the  dejith  indicated  in  feet  below  land  surface: 
well  Bt-17,  290-310  feet;  well  Bt-25,  286-301  feet;  well  Mr-1131,  102-122 
feet;  well  La-428,  206-231  feet;  and  well  Mr-383,  116-140  feet. 

The  presence  of  the  persistent  unit  over  a large  area  and,  where  recog- 
nizable, near  the  base  of  the  member' suggests  that  the  member  is  not 
a channel  or  fluvial  sand  but  was  probably  deposited  in  a marine  environ- 
ment. 

Mercer  Formation 

The  name  Mercer  was  applied  first  by  PvOgers  (1858,  p.  476-477)  to 
a limestone  bed  two  feet  thick  near  the  })asc  of  his  Tionesta  Group.  White 
(1879,  p.  XXXI,  54-63)  substituted  the  term  Mercer  Group  for  Tionesta 
Group  because  of  exposures  of  this  unit  near  the  town  of  Mercer,  Pa. 
He  renamed  the  Mercer  limestone  the  lower  Mercer  limestone.  At  the 
same  time  he  apjflied  the  name  upper  Mercer  limestone  to  Rogers’ 
Mahoning  limestone. 

White  recognized  the  following  units  in  his  Mercer  Group,  in  ascending 
order:  lower  Mercer  iron  shales,  lower  Mercer  coal,  lower  Mercer  lime- 
stone, upper  Mercer  iron  shales,  upper  Mercer  coal  underclay,  ui)per 
Mercer  coal,  upper  Mercer  limestone,  Tionesta  iron  shales,  and  Tionesta 
coal.  The  lower,  ui)pei’,  and  Tionesta  units  resemble  one  another  so 
closely  that  it  is  difficult  to  identify  them  in  isolated  outcrops. 

In  this  reiiort  the  Mercer  is  termerl  a formation  and  consists  of  shale 
and  interbedded  sandstones,  coals,  and  limestones.  If  the  shale  grades 
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laterally  into  sandstone  at  the  top  of  the  formation,  the  sandstone  is 
considered  to  belong  to  the  Homewood  Formation.  If  the  shale  grades 
laterally  into  sandstone  at  the  bottom  of  the  formation,  the  sandstone 
is  assigned  to  the  Connoqiienessing  Formation.  Where  identification  is 
possible,  the  coals  and  limestones  are  named  in  accordance  with  White’s 
terminology. 

Few  outcrops  of  the  Mercer  Formation  are  present  in  the  area  and 
those  that  are  present  consist  generally  of  a few  feet  of  nondescript  gray 
silty  shale.  The  single  exception  is  at  station  8,  where  the  following 
section  is  exposed  beneath  the  massive  sandstone  of  the  Homewood 
Formation: 

Thicknesft 
(in  feet) 


Merrer  Formation 

Limestone,  dark  gray,  silty;  rontains  abundant  brarhiopods  and  erinoid 

stems  3 

Shale,  blaek.  carbonaceous:  contains  abundant  brachiopod.^  and  erinoid 

stems  2 

Clay,  dark  gray  5 

Shale,  dark  gray  8 

Shale,  dark  gray,  sandy  2 


The  Mercer  is  underlain  at  station  8 by  the  upper  member  of  the 
Connoqiienessing  Formation,  which  is  exposed  in  several  places  in  the 
next  30  feet. 

Samples  of  the  Mercer  Formation  from  wells  Mr-1184,  Bt-158,  Bt-17, 
and  Bt-19,  show  that  the  Mercer  consists  predominantly  of  dark-gray 
silty  shale,  containing  carbonized  plant  fragments.  Beds  of  fine-grained 
sandstone  are  present  in  all  but  the  northernmost  well;  their  thickness 
ranges  from  4 to  11  feet,  and  averages  about  lYo  feet.  In  well  Bt-17 
these  sandstone  beds  constitute  about  one-third  of  the  formation. 

The  Mercer  Formation  contains  two  or  three  coals  throughout  most 
of  the  quadrangle.  The  thickness  of  the  coals  ranges  from  2 to  60  inches 
but  is  generally  12  to  24  inches.  The  uppermost  coal  lies  about  60  to 
80  feet  below  the  top  of  the  Vanport  Limestone  and  is  tentatively  corre- 
lated with  White’s  (1879,  p.  XXXI,  54-63)  Tionesta  coal  bed.  It  is 
about  30  to  40  feet  above  the  next  lower  coal  except  in  the  east-central 
and  southeastern  sectors  where  the  interval  is  6 feet  in  wells  Bt-160  and 
Bt-19.  The  interval  between  the  middle  coal  bed  and  the  lowest  bed 
ranges  from  7 to  45  feet  and  averages  25  feet.  The  middle  and  lower 
coals  are  probably  correlative  with  White’s  upper  and  lower  Mercer  coal 
beds. 

Limestone  is  present  in  one  outcrop  (station  8)  and  is  reported  in 
two  wells  (Bt-88  and  Mr-1178).  The  limestone  in  the  outcrop  is  tenta- 
tively identified  as  the  lower  limestone,  and  those  in  the  two  wells  are 
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identified  as  tlic  upper  limestone  because  of  their  stratigrai)hic  position 
above  the  Connociuenessing  Formation. 

The  thickness  of  tlie  formation  ranges  from  a featlieredge  to  100  feet 
and  averages  about  55  feet.  The  Mercer  Formation  is  thickest  in  tlie 
eastern  part  of  the  area  where  the  upper  member  of  the  Connociuenessing 
Formation  is  restricted  to  the  persistent  unit.  (See  section  on  Connociue- 
nessing  Formation.)  Thinning  of  the  Mercer  takes  place  chiefly  by  inter- 
fingering with  the  upper  member  of  the  Connociuenessing,  as  shown  in 
Plate  5,  and  also  Icy  erosion  of  its  upper  surface  prior  to  the  deposition 
of  the  Homewood  Formation.  These  two  causes  combine,  in  the  west- 
central  part  of  the  fiercer  quadrangle,  to  reduce  the  thickness  of  the 
Mercer  Formation  to  nearly  zero. 

Homewood  Formation 

The  name  Upper  Homewood  Sandstone  was  applied  by  White  ( 1878, 
p.  67)  to  a massive  sandstone  exposed  at  Homewood  Station  in  Beaver 
County,  Pa.  The  use  of  the  term  Upper  was  abandoned  in  the  succeeding 
report  on  Mercer  County  (White,  1880).  White  (1878,  p.  67)  stated 
that  the  sandstone  reached  its  maximum  thickness  of  155  feet  at  Home- 
wood  Station  and  extended  “*  * * far  up  above  its  usual  horizon,  * * * 
cutting  out  the  members  of  the  Clarion  Coal  Group  to  above  the  Ferrif- 
erous Limestone  * * * .”  Study  of  this  formation  and  overlying  ones 
in  the  Mercer  quadrangle  suggests  that  the  large  thickness  mentioned 
by  White  may  be  the  result  of  deposition  of  sandstone  in  a channel  of 
early  Kittanning  age  that  cut  through  the  Ferriferous  or  Vanport  Lime- 
stone and  Clarion  Formation  into  the  Homewood,  rather  than  the  result 
of  an  upbuilding  of  the  Homewood.  The  matter  is  discussed  further  in 
the  section  on  the  Kittanning  Formation. 

In  this  I’epoi't  the  Homewood  is  called  a formation.  Throughout  most 
of  its  extent  the  Homewood  is  a sandstone  that  gi'ades  upward  locally 
into  sandy  shale  or  shale.  (See  Fig.  4,  area  A.)  In  the  east-central  part 
of  the  quadrangle,  the  Homewood  l)ecomes  a complex  of  shale  containing 
thin  beds  of  sandstone  and  sometimes  one  or  more  beds  of  coal.  (See 
Fig.  4,  area  B.)  Logs  of  a few  wells  indicate  that  the  sandstone  is 
absent.  Where  the  sandstone  is  absent,  it  is  impossible- to  distinguish 
(in  the  available  logs)  the  shale  of  the  Homewood  Formation  from  that 
of  the  underlying  Mercer  Formation.  The  shale  is,  therefore,  classified 
as  Mercer,  and  the  Homewood  is  considered  to  be  absent. 

Outcro]is  of  the  Homewood  Formation  are  numerous  in  the  Mercer 
quadrangle,  although  they  are  generally  only  a few  feet  thick  and  in- 
clude neither  the  top  nor  the  bottom  of  the  formation.  Exposures  of 
the  top  or  bottom  were  noted  or  their  positions  could  be  estimated  at 
.stations  6,  and  8-13  only.  Estimation  of  the  nearness  of  the  exposure  to 
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the  top  or  bottom  of  the  formation,  where  the  contact  is  not  exposed,  is 
sometimes  possilrle  from  a second  exposure  a short  distance  away.  For 
example,  the  Brookville  coal  bed  (which  overlies  the  Hoinewmod)  is 
eximsed  along  the  road  0.15  mile  south  of  station  6,  where  it  is  2 feet 
higher  than  the  sandstone  at  station  6.  From  this  relationship,  the  upper 
limit  of  the  Homewood  Formation  at  station  6 is  established. 

There  arc  important  outcrops  of  the  Homewood  at  stations  14-20. 
These  exposures  are  as  much  as  50  feet  thick,  but  their  positions  with 
respect  to  the  ui)per  or  lower  boundary  of  the  formation  cannot  be 
located  precisely. 


EXPLANATION 


Well,  number  shows 
thickness  in  feet 


Thickness  contours 
dashed  where  uncerto 
Intervol  2 5 feet 


Area  A , 

chiefly  sandstone 


[XX3 

Area  B , 
chiefly  sha  I e 


Figure  4.  Map  showing  facies  and  thickness  of  the  Homewood  Formation 
quadrangle. 


in  the  Mercer 
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The  upper  part  of  the  Homewood  Formation,  in  area  A of  the  Mercer 
cpiadrangle,  is  generally  a tan,  very  fine-  to  fine-grained  sandstone  or 
shaly  sandstone.  The  beds  are  generally  1 inch  or  less  thick.  Exposures 
at  stations  8,  10,  and  13  illustrate  the  nature  of  this  upper  phase  of  the 
formation.  At  station  13,  which  consists  of  an  intermittent  exi)0surc  in 
.a  ditch  along  Koute  78,  and  in  the  bed  of  Slipiiery  Rock  Creek,  at 
Dougherty  Mills,  the  formation  is  fine  grained  and  thin  bedded  through- 
out approximately  four-fifths  of  its  thickness.  Only  the  basal  10  feet 
of  the  formation  consists  of  well-sorted,  medium-grained  sandstone. 

In  most  places  where  the  thin-bedded  or  shaly  phase  is  present,  the 
H omewood  grades  downward  through  a thin  transition  zone  into  a 
medium-  to  very  coarse-grained,  thick-bedded  sandstone  nearly  free  of 
clay  matrix.  Crossbedding  is  generally  prominent.  The  cpiartz  grains  are 
well  rounded  and  fairly  loosely  cemented.  On  a fresh  surface  the  Home- 
wood  is  gray,  but  in  outcroj')  it  is  commonly  buff  to  brown,  and  at  station 
17  it  is  brick  red.  Casts  of  plant  stems  and  roots  may  be  aluindant  locally, 
as  at  stations  12,  13,  and  15.  Conglomerate  zones  are  present  near  the 
base  of  the  formation  at  stations  8 and  9;  the  pebbles  are  usually  mud- 
stone and  may  be  as  much  as  2y2  inches  in  length. 

Subsurface  data  show  that  the  Homewood  Formation  undergoes  more 
rapid  facies  changes  than  is  indicated  in  surface  exposures.  Well  Bt-70, 
about  500  feet  northeast  of  station  13,  penetrated  43  feet  of  sandstone 
instead  of  the  mere  10  feet  exposed  at  station  13.  Well  Bt-100,  800  feet 
east  of  station  13,  penetrated  65  feet  of  sandstone  of  the  Homewood 
Formation. 

The  average  thickness  of  the  Homewood  is  about  50  feet  in  area  A 
and  may  exceed  70  feet,  as  in  wells  Bt-17  and  Mr-69.  The  formation 
is  thinnest  in  the  zone  southwest  of  area  B,  where  it  is  20  feet  thick  in 
well  La-172,  23  feet  in  well  La-150,  and  13  feet  in  well  La-674.  Although 
the  Homewood  is  reported  to  be  absent  at  4 wells  in  this  zone,  other  near- 
by wells  or  outcrops  encountered  sandstone  beds  of  the  Homewood  ranging 
from  10  to  22  feet  in  thickness.  Additional  data  might  show  that  area 
B should  be  extended  to  include  some  of  the  area  to  the  southwest. 

The  lithology  of  the  Homewood  Formation  in  area  B is  known  only 
from  wells.  Several  wells  may  be  cited  to  show  the  variety  of  the  lithology 
of  the  Homewood  Formation  in  this  area.  A driller’s  log  of  well  iMr-390 
gives  the  following  information  on  the  lithology  of  the  formation: 

Thickness 
(in  feet) 


Homewood  Formation 

Sandstone,  white 2 

Shale  and  clay,  dark-gray  17 

Coal  14 

Sandstone,  dark-gray  9 
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In  well  Bt-158  the  Homewood  is  88  feet  thick  and  consists  of  4 feet  of 
basal  sandstone,  84  feet  of  shale,  and  several  interbedded  coals  or  carbon- 
aceous zones.  (See  Table  6.)  Plate  3 illustrates  the  lithologic  changes 
that  occur. 

Allegheny  Group 

The  Allegheny  Group  is  divided  into  four  formations.  In  order  of  de- 
creasing age  they  are:  Clarion  Formation,  Vanport  Limestone,  Kittanning 
Formation,  and  Freeport  Formation.  Shales  and  shaly  sandstone  make 
up  the  bulk  of  the  group.  The  sand  grains  are  typically  fine  to  medium 
and  generally  subangular.  Dark  minerals  such  as  biotite,  hornblende, 
or  coal  fragments  may  be  conspicuous. 

Channel  sandstones  are  common,  but  they  are  generally  thin  and  rarely 
penetrate  even  the  upper  part  of  the  underlying  formation  or  member. 
A notable  exception  is  the  sandstone  in  the  lower  member  of  the  Kittan- 
ning Formation.  This  sandstone  occupies  a channel  that  cuts  through 
both  the  Vanport  Limestone  and  the  Clarion  Formation.  In  such  places 
the  sandstone  resembles  the  sandstones  of  the  underlying  Pottsville 
Group,  and  many  times  it  has  been  mistakenly  identified  as  such. 

The  Vanport  Limestone  serves  as  an  excellent  marker  bed  wherever  it 
is  present.  Coals  of  commercial  value  are  associated  with  each  of  the 
detrital  formations.  The  thickness  of  the  group  in  the  Mercer  quadrangle 
is  about  300  feet  (based  on  composite  sections),  but  this  does  not  include 
the  upper  part  of  the  Freeport  Formation,  which  is  not  present  in  the 
quadrangle. 

Clarion  Formation 

The  name  Clarion  is  derived  from  Clarion,  Pa.,  where  the  Clarion 
Formation  was  first  studied  by  Rogers  (1858,  p.  476).  Rogers  used  the 
name  Clarion  as  a group  term  to  include  those  rocks  lying  between  the 
top  of  the  Tionesta  (Homewood)  Sandstone  and  the  base  of  the  Freeport 
Sandstone.  The  part  of  the  group  overlying  the  Vanport  Limestone  was 
subsequently  classified  separately  as  the  Kittanning  coal  group,  and  the 
Clarion  Group  was  renamed  the  Clarion  coal  group  (Lesley,  1877,  p. 
XXIII).  In  the  present  report,  the  Clarion  is  ranked  as  a formation  and 
restricted  stratigraphically  to  exclude  the  Vanport  Limestone. 

The  Clarion  Formation  is  a complex  lithologic  unit  composed  of  shale, 
sandstone,  and  at  least  two  coals  and  their  underclays.  The  base  of  the 
formation  is  defined  as  the  base  of  the  Brookville  (or  lower)  coal  or 
the  base  of  its  underclay,  if  the  underclay  is  present.  The  Scrubgrass 
coal  occurs  near  the  top  of  the  formation.  In  some  places  this  upper 
coal  cai)s  the  formation,  but  in  other  i)laces  it  is  overlain  by  a thin  bed 
of  shale,  which  is  the  uppermost  unit  of  the  formation. 
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The  identification  and  correlation  of  the  lower  coal  have  been  the 
subject  of  much  speculation.  It  was  identified  in  the  Mercer  quadrangle 
as  the  Brookville  coal  bed  by  White  (1880,  p.  28),  and  the  name  is  in 
popular  usage  in  the  area  at  the  present  time;  it  is,  therefore,  retained 
in  this  report. 

Geologists  of  the  First  Geological  Survey  of  Pennsylvania  failed  to 
identify  precisely  which  of  the  several  coals  present  at  Brookville,  Pa., 
they  considered  to  be  the  Brookville  coal  bed  (Graeber  and  Foose,  1942, 
p.  50).  Subsecjiient  workers  (Ashley,  1945,  p.  375;  Graeber  and  Foose, 
1942,  p.  51;  and  Williams,  1960,  p.  914)  have  shown  that  the  lowermost 
coal  at  Brookville  is  probably  of  Mercer  age.  The  next  two  higher  coals 
are  correlative  with  the  lower  and  upper  Clarion  coal  beds  at  Clarion, 
Pa.  Williams  (1960,  p.  914)  showed  that  the  Brookville  coal  of  the 
Mercer  quadrangle  is  probably  correlative  with  the  lower  Clarion  coal 
of  the  type  section. 

The  Brookville  coal  has  been  mined  extensively  in  the  Mercer  quad- 
rangle. As  a result,  its  character  and  thickness  are  fairly  well  known 
throughout  the  quadrangle.  Figure  5 shows  these  variations  in  thickness. 
The  coal  is  absent  in  the  northwestern  and  extreme  northeastern  parts 
of  the  quadrangle,  owing  to  erosion.  In  the  southern  part  of  the  area, 
the  coal  thins  and  then  grades  into  black  shale.  The  Brookville  reaches 
its  greatest  thickness  in  the  central  part  of  the  area.  Pyrite  is  present  in 
the  coal  throughout  most  of  the  area  where  the  coal  is  mined,  but  it  is 
absent  near  the  southern  edge  of  the  mined  area. 

A third  coal  is  present  in  the  Clarion  Formation  in  some  areas.  It  was 
called  the  Clarion  coal  by  White  (1879,  j).  50)  and  was  presumed  correl- 
ative with  the  upper  Clarion  coal  of  the  type  section  by  Williams  (1960, 
Fig.  3).  White  (1880,  p.  27)  reported  that  it  crops  out  along  the  Hetten- 
baugh  Run,  in  Lawrence  County,  30  feet  above  the  Brookville  coal. 

The  Clarion  coal  is  either  absent  in  the  Mercer  quadrangle  or  is  com- 
bined with  the  underlying  Brookville.  Logs  from  the  following  stations, 
though  inconclusive,  suggest  that  it  may  have  combined  with  the  Brook- 
ville. In  a coal-test  hole  at  Station  22,  the  Brookville  is  reported  to  be 
represented  by  two  coal  beds  (one  4 feet  thick  and  the  other  3 feet  thick) 
separated  by  2 feet  of  clay.  A coal-test  hole.  Station  24,  penetrated  5 feet 
of  soft  black  shale,  20  inches  of  coal,  10  inches  of  soft  clay,  and  39  inches 
of  coal.  At  Station  25,  near  Albin  School,  another  test-hole  passed  through 
8 inches  of  “slaty”  coal,  12  inches  of  clay,  and  24  inches  of  coal. 

Chance  (1879,  Fig.  3)  illustrates  a similar  stratigraphic  section  in 
northeastern  Butler  County  in  which  a shale  separating  two  beds  of  coal 
thins  from  15  feet  to  1 foot  in  a distance  of  31/2  miles. 
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Figure  5.  Map  showing  thickness  of  the  Brookville  coal  bed  in  the  Mercer  quadrangle. 

Data  concerning  the  underclay  of  the  Brookville  are  scarce,  but  its 
thickness  in  the  Mercer  cjuadrangle,  as  reported  in  drillers’  logs,  ranges 
from  2 to  28  feet  and  averages  about  20  feet. 

The  lithology  of  the  section  between  the  Brookville  and  the  Scrubgrass 
coals  is  shown  in  Figure  6.  Shale  is  the  only  rock  present  throughout 
most  of  the  area,  and  sandstone  is  present  in  only  narrow  elongate  zones 
in  the  southern  and  eastern  parts  of  the  quadrangle.  The  sandstone 
occurs  as  thin  beds  in  the  shale  or  as  a major  sandstone  unit  occupying 
most  of  the  interval.  Complete  exposures  of  the  Clarion  Formation  are 
so  rare  that  most  of  the  information  concerning  the  formation  has  been 
obtained  from  wells. 

Throughout  most  of  its  extent  the  shale  of  the  Clarion  is  gray  on  a 
fresh  surface,  weathering  to  yellow,  tan,  or  even  red.  It  is  usually  thin- 
bedded  and  ranges  from  clayey  to  sandy.  At  station  26,  just  east  of 
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Harlansburg,  Pa.,  about  20  feet  of  silty  shale  is  exposed  beneath  the 
underclay  of  the  Scrubgrass  coal.  This  is  the  largest  exposure  in  the 
quadrangle  of  the  shale  phase  of  the  formation. 


EXPLANATION 
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Figure  6.  Map  showing  facies  and  thickness  of  the  Clarion  Formation  in  the  Mercer  quadrangle. 

In  the  northwestern  part  of  the  quadrangle,  the  shale  grades  into  mud- 
stone, which  ranges  in  color  from  gray  to  black.  The  mudstone  is  exposed 
in  abandoned  strip  mines  at  stations  23,  28,  and  29. 

Exposures  of  the  Clarion  Formation  consist  chiefly  of  sandstone  despite 
the  restricted  extent  of  the  sandstone  phase.  Nearly  all  of  the  formation 
crops  out  along  Slippery  Rock  Creek  at  station  30.  The  section  exposed 
at  station  30  is  described  below: 
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Farther  north,  at  station  31,  the  following  section  is  exposed  in  a strip 
mine: 

Thickness 
(in  feet) 

Clarion  Formation 

Sandstone,  tan,  fine  grained ; grains  angular ; abundant  clay  matrix ; 


crossbedding  dips  N.  30°  W 10 

Sandstone,  as  above  but  planar  bedded 10 

Shale,  tan,  clayey;  abundant  plant  fossils  10 

Coal  (Brookville)  2 

Underclay  1 


At  station  32  the  Clarion  Formation  is  exposed  in  a large  strip  mine. 
Throughout  most  of  the  mine  the  sandstone  is  approximately  20  feet 
thick  and  lies  directly  above  the  Brookville  coal.  The  sandstone  is  over- 
lain  by  7 to  10  feet  of  dark-gray  shale  containing  numerous  gnarly 
carbonaceous  bands  and  2 feet  of  “slaty”  coal  (Scrubgrass) . Cross- 
bedding in  the  sandstone  dips  S.80°W.  At  the  west  end  of  the  strip-mine 
pit  about  6 feet  of  gray  to  tan  clayey  shale  is  present  between  the  base 
of  the  sandstone  and  the  Brookville  coal. 

Subsurface  data  show  that  the  sandstone  may  thin  and  disappear 
within  short  distances.  For  example,  the  sandstone  is  15  feet  thick  in 
well  Mr-1187,  near  Courtney  Mills;  it  is  absent  from  well  Bt-161,  about 
800  feet  to  the  souths  and  it  is  only  3 feet  thick  in  well  Mr-1186,  about 
800  feet  north  of  well  Mr-1187. 

The  Scrubgrass  coal  bed  is  a poor-grade  coal  of  wide  areal  extent.  In 
the  Mercer  quadrangle  its  thickness  ranges  from  2 to  36  inches  and 
averages  16  inches.  It  is  thinnest  in  the  central  part  of  the  quadrangle, 
where  it  is  reported  to  grade  locally  into  black  shale.  Stations  29,  30, 
32,  and  34  furnish  good  exposures  of  the  Scrubgrass.  Underclay  is  gen- 
erally present  beneath  the  coal ; its  thickness  ranges  from  0 to  8%  feet 
and  averages  about  2 feet, 
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The  thickness  of  the  Clarion  Formation  in  the  Mercer  quadrangle 
ranges  from  29  to  74  feet  and  averages  about  45  feet.  The  formation  is 
thinnest  in  the  vicinity  of  the  Butler  County  line  and  reaches  its  maxi- 
mum measured  thickness  at  station  29,  at  the  northern  edge  of  the 
quadrangle. 

Vanport  Limestone 

The  formation  overlying  the  Clarion  was  named  the  Ferriferous  Lime- 
stone by  geologists  of  the  First  Geological  Survey  of  Pennsylvania 
(Rogers,  1858,  ]).  476).  In  his  report  on  the  Beaver  River  district.  White 
(1878,  p.  60)  used  the  term  Vanport  Limestone  synonymously  with  Ferrif- 
erous limestone,  because  of  excellent  exposures  of  the  limestone  near 
the  town  of  Vanport,  on  the  Ohio  River,  in  Beaver  County,  Pa.  In  sub- 
sequent work  in  Lawrence  and  Mercer  Counties,  White  (1879,  1880) 
returned  to  the  older  name.  The  geographical  name  has  been  formally 
adopted  in  modern  reports  (DeWolf,  1929,  p.  44;  Richardson,  1936,  p.  19), 
however,  and  the  limestone  is  now  known  as  the  Vani)ort.  In  this  report 
it  is  ranked  as  a formation. 

The  name  Ferriferous  Limestone  was  derived  from  the  local  occur- 
rence, at  the  top  of  the  limestone,  of  a limonitic  iron  ore  called  the 
Buhrstone  iron  ore.  According  to  White  (1879,  p.  40),  the  ore  is  gen- 
erally 1 to  4 feet  thick,  but  “*  * * was  found  22  feet  thick  at  one  locality, 
thus  replacing  the  Ferriferous  limestone  entirely,  since  this  is  the  thick- 
ness of  the  latter  stratum  in  the  vicinity.” 

The  ore  is  exposed  at  station  34  at  Harlansburg,  Pa. 

The  Vanport  Limestone  is  recognized  easily  throughout  most  of  its 
extent,  and  it  is  the  only  good  stratigraphic  marker  in  most  of  the  Mercer 
quadrangle.  In  most  places  where  it  is  present  in  the  quadrangle,  the 
Vanport  is  a dense,  light-gray  limestone  containing  marine  fossils.  This 
typical  phase  is  partially  exposed  in  many  jdaccs  throughout  the  quad- 
rangle, but  it  is  completely  exposed  in  only  a few  places,  as  at  Station  34, 
in  a road  cut  at  Harlansburg,  Pa. ; at  Station  36,  on  Slippery  Rock  Creek ; 
at  Station  35,  in  an  abandoned  limestone  quarry  near  Heath,  Pa.;  at 
Station  33,  in  an  abandoned  coal  strip  mine  in  Wolf  Creek  Township; 
and  at  Station  29,  in  a strip  mine  at  the  north-central  edge  of  the  riuad- 
rangle.  Data  on  the  surface  exposures  are  sup])lemented  by  information 
from  wells. 

The  formation  thins  rapidly  northwestward  and  undergoes  a sharp 
change  in  lithology.  The  following  section  is  exposed  in  an  abandoned 
strip  mine  southwest  of  Blacktown,  Pa.,  at  Station  23: 
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Thickness 

Kent  oiitwash  (in  feet) 


Sand  and  gravel  25 

Kittanning  Formation,  lower  member 
Shale,  dark-gray,  clayey;  numerous  siderite  nodides  at  different  levels, 
occasionally  joining  to  form  beds  one-half  inch  thick;  nodules  may 

be  fossiliferous  12 

Vanport  Limestone 

Limestone,  silty;  composed  of  2 beds  of  similar  thickness;  fossiliferous..  1% 

Clay,  dark-gray,  calcareous 1% 

Limestone,  bed  of  tubular  nodules  of  Irregular  thickness,  somewhat 

flattened;  contains  some  brachipods  % 

Clarion  Formation 

Shale,  dark-gray,  becoming  blacker  downward,  calcareous;  discontinuous 

calcareous  nodules  in  beds  at  different  levels  8 

Shale,  black,  platy,  becoming  canneloid  downward  5 

Coal,  cannel  % 

Shale,  black,  silty  1 

Coal,  bituminous  3 


The  several  beds  of  nodular  limestone  are  all  that  remain  of  the  Van- 
port  Limestone. 

Farther  north,  at  Station  28,  the  Vanport  is  represented  by  a discon- 
tinuous bed  of  dark-gray  sandy  limestone  4 inches  thick.  This  thin, 
sandy  limestone  is  present  also  at  the  base  of  the  more  typical  Vanport, 
in  part  of  the  exposure  at  Station  29. 

The  thickness  of  the  Vanport,  in  the  Mercer  quadrangle,  ranges  from 
zero  to  a reported  50  feet  at  Stations  37  and  38,  south  of  Plain  Grove, 
Pa.,  and  averages  17  feet.  Figure  7 shows  the  areal  variations  in  thick- 
ness within  the  quadrangle. 

The  range  in  thickness  is  due  to  a number  of  factors:  for  example, 
changes  in  the  conditions  in  the  depositional  basin  from  place  to  place — 
.such  as  depth  and  salinity  of  the  water;  the  amount  of  oxygen  and 
nutrients  present;  and  the  supply  of  elastics,  which  control  the  amount 
and  nature  of  the  marine  life  and,  in  turn,  determine  the  thickness  and 
character  of  the  limestone  in  different  parts  of  the  basin.  Changes  in 
the  relative  importance  of  these  factors  from  place  to  place  produce  a 
systematic  change  in  the  thickness  and  character  of  the  limestone.  Also, 
a number  of  post-depositional  changes  may  occur,  such  as  the  formation 
of  solution  channels  or  the  erosion  of  the  formation  and  subsequent  dep- 
osition of  another  formation  in  its  place.  In  some  places,  solution  may 
progress  to  the  point  where  the  roof  of  the  channel  collapses,  and  the 
formation  becomes  much  thinner.  In  other  places,  the  roof  may  be 
strong  enough  to  avoid  collapse,  and  the  solution  channel  may  serve  either 
as  a giant  conduit  supplying  large  amounts  of  water  to  wells  which  tap  it, 
or  it  may  become  clogged  with  clay  so  that  a well  penetrating  the  lime- 
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stone  at  this  point  would  appear  to  pass  through  two  limestones  and  an 
intervening  clay  or  shale  bed.  An  example  of  a well  iienetrating  such  a 
clay-filled  opening  is  given  in  the  following  driller’s  log  of  well  Bt-66: 

Thickness 
(in  feet) 


Illinoian  Till 

Clay  5 * 

Vanport  Limestone 

Limestone  8 

Clay  6 

Limestone  6 

Clarion  Formation 

Sandstone  20 

Shale  5 

Coal  Vi 

Shale  or  underclay  13 

Homewood  Formation 

Sandstone  7 


Many  wells  along  the  eastern  and  western  sides  of  the  quadrangle 
have  itassed  through  the  interval  at  which  the  Vanport  would  be  expected 
to  occur  and  have  encountered  only  sandstone  or  sandstone  and  shale. 
Some  of  these  wells  are  only  a short  distance  from  other  wells  or  ex- 
posures where  limestone  of  normal  thickness  and  character  is  present. 
Discontinuities  of  this  sort  are  best  explained  as  due  to  removal  of  the 
limestone  by  erosion  and  subsequent  deposition  of  the  clastic  material. 
The  subject  is  discussed  further  in  the  section  on  the  lower  member  of 
the  Kittanning  Formation. 

Kittanning  Formation 

White,  (1878,  Fig.  7)  defined  the  Kittanning  Group  (named  from  its 
type  area  at  Kittanning,  Pa.)  as  extending  from  the  top  of  the  Buhrstone 
iron  ore  to  the  top  of  the  upper  Kittanning  coal.  Ashley  1 1926,  j).  27), 
working  farther  east  in  the  Punxsutawney  quadrangle,  classified  the 
Kittanning  as  a formation  and  changed  its  base  to  “*  * * the  base  of 
the  clay  under  the  lower  Kittanning  coal  * * The  reason  for  Ashley’s 
change  in  the  base  of  the  unit  was  apparently  his  uncertainty  in  identify- 
ing the  Buhrstone  iron  ore  where  the  Vanport  was  absent.  He  reported 
that  the  Vani)ort  was  seen  at  only  one  place.  The  Vanport  is  present 
throughout  the  Mercer  quadrangle;  so.  White’s  definition  of  the  limits 
of  the  Kittanning  is  used  here.  The  unit  is  ranked  as  a formation  in  this 
report. 

The  Kittanning  Formation  is  composed  of  3 members:  (1)  the  lower 
member,  which  extends  from  the  base  of  the  formation  to  the  top  of  the 
lower  Kittanning  coal;  (2)  the  middle  member,  which  extends  from  the 
top  of  the  lower  Kittanning  coal  to  the  toji  of  the  middle  Kittanning  coal; 


36 


MERCER  QUADRANGLE 


and  (3)  the  upper  member,  which  extends  from  the  top  of  the  middle 
Kittanning  coal  to  the  top  of  the  upper  Kittanning  coal.  Each  member 
is  a complex  lithologic  unit  consisting  of  clay,  shale,  sandy  shale,  and 
sandstone,  and  represents  deposition  under  a variety  of  conditions. 

Williams  (1959)  and  Ferm  and  Williams  (1960)  discussed  the  regional 
aspects  of  the  lithofacies  and  biofacies  of  Pennsylvanian  rocks,  especially 
in  the  part  of  the  Appalachian  Plateau  province  in  Pennsylvania  that 
lies  a few  miles  west  of  the  Allegheny  Front.  The  facies  of  the  middle 
member  of  the  Kittanning  were  described  in  particular,  and  it  was  pointed 
out  that  both  marine  and  fresh-water  sediments  were  present  in  the 
member  in  some  exposures. 

Lower  member 

The  lower  member  is  present  throughout  most  of  the  quadrangle, 
although  no  complete  section  of  it  is  exposed  in  one  place.  Information 
on  the  member  must  be  obtained  from  well  logs  or  incomplete  exposures. 
This  information  shows  that  the  member  consists  generally  of  either 
clayey  shale  or  sandstone.  Shaly  sandstone  or  sandy  shale  facies  are 
rare.  The  lower  Kittanning  coal  is  present  at  the  top  of  the  member. 

Over  much  of  the  quadrangle  the  lower  member  consists  of  a bluish- 
gray  clay  shale,  which  is  well  exposed  at  Station  33,  in  Wolf  Creek 
Township,  and  at  Station  45,  south  of  Jacksonville,  Pa.  Sandstone  is 
present  at  the  top  of  the  shale  at  Station  45. 

In  the  southeast  corner  and  along  the  western  edge  of  the  Mercer 
quadrangle,  a channel  sandstone  is  present.  This  sandstone  is  exposed 
at  Station  27,  near  We.st  Liberty;  Station  39,  at  the  edge  of  the  quad- 
rangle, east  of  the  boro  of  Slippery  Rock,  Pa.;  Station  34,  at  Harlans- 
burg.  Pa.;  and  Station  40,  at  Drake,  Pa.  The  channel  form  of  the 
sandstone  is  defined  better  than  in  any  of  the  other  sandstones  in  the 
quadrangle,  for  the  member  overlies  an  excellent  marker  bed  (Vanport 
Limestone),  and  it  is  easy  to  determine  where  the  sandstone  occupies  a 
channel  that  penetrates  below  the  base  of  the  lower  member.  Locally, 
the  channel  may  cut  completely  through  the  Vanport  Limestone.  These 
places  ai’e  shown  in  Figure  7 and  on  the  geologic  map  (Plate  2). 

Where  the  sandstone  cuts  completely  through  the  Vanport,  its  maxi- 
mum thickness  is  uncci’tain  because  of  the  similarity  of  the  sandstones 
in  the  area.  For  example,  well  La-704  penetrates  110  feet  of  sandstone, 
but  it  is  not  possible  to  determine  whether  this  sandstone  consists  of  1 or 
3 formations.  The  channel  sandstones  are  shown  in  Plate  3. 

In  the  northwestern  part  of  the  quadrangle,  the  lower  member  was 
affected  during  deposition  by  the  same  environmental  conditions  that 
affected  the  Vanport  Limestone  and  the  Clarion  Formation.  As  exposed 
at  Stations  23  and  28  the  lower  member  is  a dark-gray  clayey  shale  con- 
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taining  many  heels  of  flat,  dark-red  siderite  nodules.  E.  G.  Williams 
(personal  communication,  1958),  stated  that  marine  fauna  are  present 
near  the  base  of  the  member  at  these  stations  and  are  replaced  in  the 
upper  part  by  brackish-water  forms. 
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Figure  7. 


Map  showing  thickness  of  the  Vanport  Limestone  and  location  of  channel  sand- 
stone of  the  lower  member  of  the  Kittanning  Formation  in  the  Mercer  quadrangle. 


The  thickness  of  the  member,  where  it  does  not  extend  below  the  top 
of  the  Vanport  Limestone,  ranges  from  7 to  56  feet  and  averages  at)out 
30  feet.  There  is  considerable  local  relief  on  the  lower  member,  as  shown 
by  the  exposure  at  Station  41,  about  2 miles  northeast  of  Harlansburg, 
Pa.  Here  the  lower  Kittanning  coal  dips  eastward  16  feet  in  a distance 
of  330  feet,  though  it  is  essentially  flat-lying  at  Station  42,  a short  dis- 
tance away. 
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The  lower  Kittanning  coal  has  been  mined  in  several  places  in  the 
southern  half  of  the  quadrangle,  such  as  Stations  41-44.  Its  thickness 
in  the  Mercer  ciuadrangle,  ranges  from  0 to  48  inches  and  averages  about 
24  inches.  The  thickest  coal  appears  to  occupy  the  area  from  Slippery 
Rock,  Pa.,  southwestward  to  Ridge  School. 

Middle  member 

The  middle  member  is  present  throughout  most  of  the  southern  half 
of  the  quadrangle.  It  is  much  better  exposed  than  the  lower  member 
because  strip  mining  of  the  lower  Kittanning  coal  cuts  through  and 
exposes  the  overlying  middle  member.  The  lithology  is  chiefly  clay  shale 
although  sandy  shale  is  fairly  common.  Sandstones  are  thin  and  of  local 
extent.  The  coarsest  materials  in  the  middle  member  are  present  in  the 
same  general  areas  as  in  the  lower  member;  that  is,  in  the  southeastern 
corner  and  along  the  western  edge  of  the  quadrangle.  The  middle  Kittan- 
ning coal  is  present  at  the  top  of  the  member. 

At  Station  41,  the  exposure  of  the  middle  member  consists  of  18  feet 
of  gray  laminated  mudstone  overlain  by  15  feet  of  gray  claystone.  Farther 
west,  at  Station  46,  the  lower  Kittanning  coal  is  overlain  by  15  feet  of 
gray  thin-bedded  shale  and  10  feet  of  light-tan,  clayey,  fine-grained 
sandstone.  North  of  Moores  Corners,  Pa.,  at  Station  43,  24  feet  of  the 
middle  member  is  exposed  overlying  the  lower  Kittanning  coal.  From 
the  bottom  upward,  the  section  consists  of  5 to  7 feet  of  dark-gray  shale, 
12  feet  of  tan,  fine-grained  sandstone  containing  a bed  of  crossbedded 
sandstone  2 feet  thick,  and  5 feet  of  tan  shale.  At  Station  48,  a short 
distance  north  of  Station  43,  the  middle  member  consists  of  20  to  25 
feet  of  shale  and  only  2 feet  of  sandstone. 

Plant  fossils  are  abundant  in  several  places  in  this  member,  such  as 
at  Station  44  and  48.  The  fossils  were  particularly  well  preserved  at 
Station  44  shortly  after  they  were  exposed  by  strip  mining.  However, 
the  shale  containing  them  weathers  rapidly  and  becomes  crumbly  after 
a few  weeks. 

The  thickness  of  the  middle  Kittanning  coal  ranges  from  5 to  48  inches 
and  averages  29  inches. 

The  com])lete  thickness  of  the  middle  member,  which  was  measured  at 
only  eight  i)laces,  ranged  from  5 to  80  feet  and  averaged  50  feet. 

Upper  meviher 

In  the  klcrcer  quadrangle,  the  upper  member  is  exposed  chiefly  in  strip 
mines  of  the  middle  Kittanning  coal  in  Butler  County  and  in  southern 
and  western  Lawrence  County.  The  lithology  is  coarser  than  in  the 
underlying  member,  and  sandy  shale  and  sandstone  predominate. 
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At  Station  50,  in  tlie  southeastern  corner  of  the  fiuadrangle.  tlie  mem- 
ber consists  of  25  feet  of  gray  sandstone,  which  intertongues  with  and 
is  overlain  by  a gray  to  tan  clay  shale.  The  sandstone  contains  gnarled, 
discontinuous  bands  of  coal  1 to  6 inches  thick  and  fragments  of  plant 
remains.  Crossbedding  in  the  sandstone  dips  20°S.26°W. 

Farther  north,  in  a strip  mine  at  Station  51,  the  upper  member  con- 
sists of  3 feet  of  gray  shale  overlain  by  5 feet  of  tan,  massive  sand.stonc 
and  5 to  10  feet  of  tan,  thin-bedded  sandstone  that  grades  into  sandy 
shale  within  a short  di.stance.  A mile  to  the  northwest,  at  Station  52, 
the  member  i.s  represented  by  25  feet  of  dark-gray  shale  and  8 feet  of 
tan  shale. 

At  station  53,  on  the  southcentral  edge  of  the  quadrangle,  the  follow- 
ing section  is  exposed  in  an  abandoned  strip  mine: 

Thickness 
(in  feet) 


Kittanning  Formation,  upper  member 

Shale,  tan  12 

Shale,  tan,  sandy;  contains  three  fine-grained,  tightly  cemented  sandstone 
beds  1 to  5 feet  thick  ; the  upper  two  beds  grade  into  sandy  shale,  and 
the  lowest  one  thickens  northward,  cutting  irregularly  into  under- 
lying shale  12 

Shale,  bluish-gray;  locally  contains  a 2-inch  thick  coal  at  the  top;  the 

coal  is  cut  out  in  most  places  by  channel  sandstone  . . . .' 3-15 

Shale,  dark -gray  to  black;  contains  three  eriually  spaced  beds  of  siderite 

1-inch  thick  6 

Shale,  black  6 

Kittanning  Formation,  middle  member 

Coal  3 


At  Station  54,  west  of  .Iordan  School,  the  upper  member  consists  of 
10  to  30  feet  of  dark-gray,  very  fine-grained  sandstone,  containing  many 
fragments  of  plant  fossils.  The  sandstone  beds  are  1 to  2 inches  thick. 

Plant  fossils  are  present  in  several  exposures.  However,  they  are 
invariably  broken  into  small  pieces  and  are  usually  sitarse  and  scattered. 

The  upper  Kittanning  coal,  which  caps  the  member,  is  present  in  only 
a few  places  in  the  southern  part  of  the  quadrangle.  The  thickness  of 
the  coal  was  measured  at  Station  55.  where  the  coal  is  12  inches  thick, 
and  at  Station  56,  where  it  ranges  from  12  to  36  inches  thick.  The  thick- 
ness of  the  upper  member  at  these  stations  was  50  and  40  feet,  resjiectively. 

Freeport  Formation 

The  name  Freeport  was  first  used  by  geologi.sts  of  the  First  Geological 
Survey  of  Pennsylvania  (Rogers,  1858,  p.  476)  who  named  the  sandstone 
that  overlay  the  Clarion  Coal  Group  the  Freeport  Sandston(‘.  Tn  addition, 
they  called  those  sediments  lying  between  the  top  of  this  sandstone  and 
the  base  of  the  IMahoning  Sandstone  the  Freeport  Group.  White  (1878, 
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p.  40)  defined  the  Freeport  as  a groujj  that  extended  from  the  top  of  the 
upper  Kittanning  coal  to  the  top  of  the  upper  Freejiort  coal.  Ashley 
( 1926,  p.  27)  reclassified  the  Freeport  as  a formation,  but  retained  White’s 
definition  of  its  stratigraphic  boundaries.  Ashley’s  usage  is  retained  in 
this  report. 

The  Freeport  Formation  is  divided  into  two  members:  a lower  member, 
which  extends  from  the  top  of  the  upper  Kittanning  coal  to  the  top  of 
the  lower  Freeport  coal,  and  an  uj^per  member,  which  extends  from  the 
top  of  the  lower  Freeport  coal  to  the  toj)  of  the  upper  Freeport  coal. 

Lou'er  member 

The  lower  member  is  present  in  only  a few  places  in  the  Mercer  quad- 
rangle. It  is  exi)osed  at  Stations  57-59  between  Slippery  Rock,  Pa.  and 
Forestville,  Pa.,  where  it  consists  of  a few  feet  of  tan  sandy  shale. 

The  lower  Freeport  coal,  which  forms  the  top  of  the  member,  is  present 
only  at  Station  59,  where  the  coal  is  12  inches  thick,  and  at  Station  60, 
where  it  was  reported  to  be  42  inches  thick.  The  coal  at  Station  60  was 
covered  at  the  time  of  this  investigation. 

Based  on  the  difference  in  elevation  between  the  lower  Freeport  coal  at 
Station  60  and  the  upper  Kittanning  coal  at  Station  56,  the  lower  member 
is  about  60  feet  thick  in  the  Mercer  quadrangle. 

Upper  member 

The  upper  member,  which  extends  from  the  top  of  the  lower  Freeport 
coal  to  the  top  of  the  upper  Freeport  coal,  is  well  exposed  at  Station  60 
only,  where  the  following  section  was  measured: 

Thickness 
(in  feet) 

Freeport  Formation,  upper  member 

Sandstone,  reddish-larown,  medium-prained,  “dirty”,  l^eds  1 to  6 inches 


thick,  poorly  exposed  10 

Clay,  white  1 

Clay,  greenish-brown  1 

Clay,  red  % 

Limestone,  light-tan,  weathers  reddish-orange  1 

Clay,  dark-gray,  silty 1 

Limestone,  strongly  weathered  % 

Clay,  dark -gray,  silty;  contains  occasional  vertical  bantls  of  iron 

nodules  6 

Siltstone,  light-gray;  contains  poorly  preserved  plant  fragments 14 

Shale,  light-gray,  friable  % 

Shale,  black  114 

Shale,  tan,  clayey,  friable;  contains  plant  fragments  114 

Shale,  tan,  silty 2 

Sandstone,  tan,  very  fine-grained  1 

Sandstone,  tan,  very  fine-grained;  becomes  thinner  bedded  downward  1 
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Sandstone,  Ian,  very  fine-grained,  massive 2 

Shale,  tan,  clayey 3 

Shale,  dark-gray,  clayey,  friable;  contains  three  siderite  beds;  14,  V2. 

and  3 inches  thick  4 

Cover  to  floor  of  pit  6 

The  upper  Freeport  coal  and  higher  beds  have  been  removed  every- 
where in  the  INIercer  cpiadrangle  by  erosion. 


Quaternary  System 
Pleistocene  Senes 

Previous,  work. — The  glacial  origin  of  the  unconsolidated  deposits  that 
blanket  the  northwest  corner  of  Pennsylvaina  was  first  recognized  by 
geologists  of  the  Second  Geological  Survey  of  Pennsylvania  (for  example, 
White  1879,  1880 1 . INIuch  work  has  been  done  on  these  deposits  since 
that  time.  Especially  notable  is  the  work  of  Leverett  (1902,  1934)  who 
delineated  the  preglacial  drainage  pattern  and  the  sequence  of  changes 
that  brought  about  the  present  stream  system. 

All  of  the  (Mercer  ciuadrangle  excej)t  the  extreme  southeast  corner  is 
covered  by  glacial  dej)osits.  In  recent  years  this  area  has  been  studied 
by  Preston  (1950),  Sitler  (1957),  and  Shepps  and  others  (1959).  The 
last  two  authors  showed  that  the  deposits  were  laid  down  during  the 
Illinoian  Glaciation  and  during  the  early  Cary  Stade  of  the  M isconsin 
Glaciation.  The  areal  distribution  of  these  sediments,  according  to  Sitler, 
is  shown  in  Plate  1. 

The  Illinoian  dei)osits  have  been  divided  into  an  outer  and  an  inner 
phase  (Shepps  and  others,  1959,  p.  20-21).  The  outer  phase  consists 
chiefly  of  quartzite  erratics  and,  rarely,  of  thin  juitches  of  highly 
weathered  till  and  gravel.  Sitler  (1957,  p.  30-35)  found  the  outer  phase 
underlying  the  inner  phase  in  some  coal  strip  mines  near  !^lipj)ery  Rock, 
Pa.  The  inner  phase  is  a fairly  continuous  silt  or  clayey  silt  till  5 to  10 
feet  thick.  The  phases  are  not  differentiated  in  Plate  1. 

The  deposits  of  Wisconsin  age  in  ttie  I^Iercer  ciuadrangle  were  laid 
down  in  association  with  the  Kent  ice  advance,  in  early  Cary  time.  The 
name  Kent  is  derived  from  the  city  of  Kent,  Ohio,  where  these  deiiosits 
are  well  exposed  (Shejips  and  others,  1959,  p.  31).  Ihe  deposits  include 
end  moraine,  ground  moraine,  and  outwash  deixisics — such  as  kames, 
kanie  terraces,  crevasse  fillings,  eskers,  valley  trains,  and  lake  sediments. 
The  kames,  kanie  terraces,  crevasse  fillings,  eskc‘rs,  and  valley  trains 
are  grouped  as  glaciofluvial  deposits  in  Plate  1 ; the  lake  sediments  are 
not  shown. 
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The  Kent  end  moraine  ranges  from  loam  till  to  sandy  loam  till.  In 
places,  constructional  mounds  composed  of  sand  and  gravel  are  well 
developed.  Where  these  mounds  are  i)resent  the  moraine  is  referred  to 
as  a kame  moraine.  In  general,  the  moraine  becomes  coarser  textured  to- 
ward the  glacial  border.  Swanpiy  areas  are  common. 

The  Kent  ground  moraine  is  composed  chiefly  of  loam  till,  but  small 
pockets  of  glaciofluvial  material  are  present  locally.  The  ground  moraine 
is  characterized  generally  by  a smooth  surface  without  undrained  de- 
pressions. 

The  Kent  outwash,  composed  of  sand  and  gravel,  are  common  in 
valleys  and  along  valley  walls,  but  are  rare  on  flat  uplands. 

Preston  (1950)  showed  that  the  advance  of  the  glacier  resulted  in  the 
ponding  of  north -flowing  streams  in  the  Mercer  and  adjacent  quadrangles. 
Initially,  a single  large  lake  (Lake  Arthur)  covered  a major  part  of  the 
Mercer  quadrangle.  However,  as  the  Kent  ice  reached  its  point  of 
maximum  advance,  this  lake  was  reduced  in  size  and  split  into  two  lakes: 
Lake  Edmund,  which  occupied  the  drainage  basin  of  Slippery  Rock  Creek, 
and  Lake  Watts,  which  occupied  the  drainage  basin  of  Muddy  Creek. 
These  two  lakes  became  filled  with  material  from  the  glacier.  Gravel 
was  deposited  near  the  west  end  of  Lake  Edmund,  and  sand  was  deposited 
farther  east.  The  sediments  of  Lake  Watts,  on  the  other  hand,  consist 
chiefly  of  fine  sand,  silt,  and  clay,  but  a small  amount  of  sand  and  pea- 
sized gravel  is  present  at  the  west  end  of  the  lake.  Because  of  the  areal 
distribution  of  these  sediments,  Preston  suggested  that  most  of  the  water 
and  sediments  in  Lake  Watts  were  derived  from  overflow  from  Lake 
Edmund.  The  relationships  are  shown  in  Figure  8. 

Present  vjork. — In  this  investigation,  study  of  the  glacial  sediments  was 
limited  to  the  collection  of  data  on  their  thickness  and  (wherever  pos- 
sible) lithology  as  obtained  from  well  logs.  Thickness  data  were  fairly 
easily  obtained  except  in  the  deep  valleys,  and  they  have  been  used  in 
the  construction  of  the  bedrock  contour  map.  (See  Plate  2.) 

Well  data  show  that  the  unconsolidated  rocks  in  areas  mapped  as 
Illinoian  are  generally  less  than  25  feet  thick.  In  areas  of  Kent  ground 
moraine,  the  thickness  of  unconsolidated  sediments  is  generally  25  feet 
or  less,  but  it  may  be'  much  thicker — as  in  the  area  west  of  Slippery  Rock, 
Pa.  and  in  Plain  Grove  Township.  The  thickness  of  the  Kent  end  moraine 
generally  ranges  from  50  to  100  feet  and  may  reach  200  feet — as  in  Plain 
Grove  Township.  Along  the  glacial  border  the  end  moraine  is  generally 
less  than  25  feet  thick.  The  Kent  outwash  is  generally  more  than  100 
feet  thick. 

The  anomalously  large  thickness  of  end  moraine  and  ground  moraine 
in  certain  areas  call  attention  to  the  fact  that  a map  of  glacial  sediments 
is  a map  of  surface  materials  only  and,  as  such,  records  only  the  latest 
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80°  00' 


Boundary  of  Mercer  quadrangle 


Ice 


Figure  8.  Map  of  a part  of  northwestern  Pennsylvania,  showing  distribution  of  glacial  Lake 
Watts  and  Lake  Edmund  in  front  of  the  Kent  ice  sheet  (after  Preston,  1950). 

in  a long,  complex  series  of  events.  The  surticial  deposits,  for  example, 
give  no  indication  of  the  deep  Itedrock  trench  that  extends  southwestward 
across  the  ciuadrangle.  (See  Plate  3.)  It  seems  reasonable  to  sujiitose, 
therefore,  that  these  unusual  thicknesses  occur  at  places  where  the  sur- 
face material  is  deposited  over  Quaternary  sediments  of  different  charac- 
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ter  and,  probably,  of  different  origin.  The  available  well  logs  confirm 
this  interpretation. 

The  following  information  was  obtained  from  logs  of  wells  in  areas 
majiped  as  ground  moraine;  Well  Bt-83  penetrated  95  feet  of  “running 
sand  and  gravel”;  well  Mr-4  penetrated  78  feet  of  “quicksand”;  and 
well  Mr-1163  encountered  22  feet  of  clay  overlying  2 feet  of  boulders 
and  gravel  and  8 feet  of  cemented  sand  and  gravel. 

The  following  information,  obtained  from  logs  of  end  moraine,  also 
shows  a wide  variation  in  the  type  of  Quaternary  deposits  at  any  one 
location:  Well  La-111  penetrated  80  feet  of  gravel;  well  La-730  hit  gravel 
beneath  75  feet  of  “blue  muck”;  well  Mr-778  encountered  muck  beneath 
40  feet  of  gravel;  well  Mr-819,  in  an  area  mapped  as  Recent,  penetrated 
45  feet  of  gray  pebbly  silt,  20  feet  of  sand  and  gravel,  and  10  feet  of 
sandy,  pebbly  silt;  the  pebbles  were  made  up  of  shale  pieces  and  were 
largest  in  the  bottom  layer. 

Drillers  do  not  generally  make  detailed  descriptions  of  glacial  deposits 
penetrated  by  wells.  Only  terms  summarizing  the  gross  aspect  of  the 
lithology  of  the  glacial  sediments  in  the  well  are  usually  employed — 
such  as  gravel,  sand  and  gravel,  quicksand,  clay,  or  clay  and  stones. 
Occasionally  a sharp  contrast  in  lithology  is  noted,  as  when  a well  pene- 
trates two  gravels  separated  by  a clay;  even  so,  only  the  total  thickness 
is  recorded. 

Detailed  driller’s  logs  of  the  glacial  material  were  available  from  a few 
wells.  Well  Bt-86  in  Slippery  Rock,  Pa.,  penetrated  Illinoian  Till.  The 
log  follows; 

Thickness 


Illinoian  deposits  (in  feet) 

Clay,  tan,  soft  4 

Sand,  very  &oft  and  wet;  contains  small  stones  5 

Stones,  small,  and  a trace  of  clay  8 

Clay,  dark-gray,  stiff, 'wet  4 

Clay,  light-gray,  stiff,  moist  12 

Clay,  tan,  soft,  moist  9 

Kittanning  Formation,  lower  member 

Rock,  brown,  broken — 


Well  Mr-1159,  north  of  Grove  City,  Pa.,  is  near  the  contact  of  ground 
moraine,  end  moraine,  and  glaciofluvial  deposits.  The  log  follows: 

Thickness 


Kent  end  moraine  (in  feet) 

Clay  and  gravel,  brown  30 

Clay,  bine,  sandy;  gravel  3 

Clay,  brown;  gravel  52 

Sand,  brown,  hard 23 


Connorpienessing  Formation,  upper  member 
Sandstone,  brown  and  white  
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AVell  La-533,  south  of  Plain  Grove,  Pa.,  is  on  an  outwash  terrace  near 
the  west  end  of  glacial  Lake  Edmund.  The  log  follows: 


Thickness 


Kent  outwash  (in  feet) 

Top  soil 1 

Clay,  yellow  3 

Sand,  clay,  and  gravel 12 

Clay,  blue  12 

Sand  24 

Quicksand  27 

Silt  12 

Sand,  gravel,  and  clay  10 

Sand  35 


Connoquenessing  Formation,  upper  member 
Sandstone,  white  


PETROGRAPHY 

A petrograi)hic  study  of  the  rocks  of  the  iMercer  quadrangle  is  beyond 
the  scope  of  this  investigation.  However,  Hendrix  (1957)  studied  the 
sandstone  phases  of  the  Homewood  and  Connoquenessing  Formations 
in  the  Mercer  quadrangle.  Tins  section  summarizes  his  results. 

He  found  that  the  percentage  of  lieavy  minerals  present  in  l)oth  forma- 
tions ranges  from  0.05  to  7.8  and  avei'ages  0.8.  They  include  a very  stable 
suite  of  minerals:  leucoxene  (which  may  constitute  as  much  as  99  percent 
of  some  samples),  rutile,  anatase,  ilmenite,  titanite  (trace),  tourmaline, 
zircon,  apatite,  garnet,  and  chlorite.  Zircon  and  tourmaline  are  the  only 
heavy  minerals  other  than  leucoxene  that  are  present  in  significant 
amounts.  Hendrix  stated  that  their  ratio  can  be  used  to  distinguish  the 
Homewood  from  the  Connoiiuenessing,  as  zircon  jiredominates  over 
tourmaline  in  the  Homewood,  and  the  reverse  is  true  in  the  Conno- 
quenessing. The  ratio  is  unaffected  by  the  grain  size  of  the  minerals, 
but  a sample  representing  the  complete  thickness  of  each  formation 
must  be  used  in  obtaining  the  ratio. 

Light  minerals  include  fiuartz,  orthoclase,  plagioclase,  muscovite,  chert, 
and  clay  minerals.  The  quartz  content  of  the  sandstones  ranges  from 
60-95  jiercent,  averages  about  90  percent,  and  is  somewhat  more  abundant 
in  the  Homewood.  The  (luartz  grains  fit  together  in  a well-developed 
mosaic  or  interlocking  texture,  and  nearly  every  grain  shows  evidence  of 
solution  or  secondary  enlargement.  The  formations  are  not  tightly  ce- 
mented, however,  because  of  a film  of  iron  oxide  and/or  clay  between  the 
grains.  This  film  acts  also  to  reduce  the  porosity  of  the  rock,  which  was 
noted  in  some  thin  sections  to  be  as  little  as  5 iierccnt.  The  iron  oxide 
and  clay  are  slightly  more  abundant  in  the  Connoquenessing. 
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Both  sandstones  are  well  sorted.  The  grain  size  of  the  Homewood 
ranges  from  0.182  to  1.34  mm.  (millimeters)  and  averages  0.362  mm 
The  grain  size  of  the  Connoquenessing  ranges  from  0.175  to  0.43  mm.  and 
averages  0.289  mm. 

STRUCTURE 

The  Mercer  quadrangle  is  on  the  western  side  of  a broad,  spoon- 
shaped synclinorium  that  lies  between  the  Cincinnati  Arch  and  tin 
Allegheny  Front  in  the  Appalachian  Plateau.  The  axis  of  this  structure 
which  is  called  the  Pittsburgh-Huntington  Basin,  extends  southwestwarc 
through  Pittsburgh,  Pa.  The  basin  is  characterized  by  many  secondary 
flexures,  which  decrease  in  size  and  number  westward  from  the  Allegheny 
Front.  (See  Richardson,  1938,  p.  543-554.) 

Structure  contours  on  the  top  of  the  Vanport  Limestone  in  the  Mercei 
quadrangle  are  shown  in  Figure  9.  The  Vanport  was  selected  becausf 
it  is  easily  recognized  by  geologists  and  laymen  (even  in  drill  holes] 
throughout  most  of  its  extent.  Because  of  this  characteristic  of  the  Van- 
port,  information  is  available  from  local  residents.  Where  the  formatioi 
is  absent,  in  the  northern  part  of  the  quadrangle,  its  theoretical  elevatioi 
is  estimated  from  that  of  lower  formations  that  are  present.  The  con- 
tours based  on  such  estimates  are  dashed. 

The  map  shows  a southward  regional  dip  of  about  14  feet  per  mile 
A number  of  smaller  folds  are  superimposed  on  the  regional  structure 
A southwestward-plunging  syncline  and  a small  dome  having  a closun 
of  about  40  feet  are  present  in  the  southwest  corner  of  the  quadrangle 

In  the  southcentral  part,  an  irregularly  shaped  basin  is  divided  int( 
two  parts  by  a low  flexure  near  the  Lawrence-Butler  County  line.  Tin 
eastern  part  of  the  basin  is  deepest  and  rises  northeastward  in  a narrov 
syncline.  Between  Redmond  and  Armstrong,  Pa.,  the  syncline  splits  ii 
two;  one  part  continues  northeastward,  and  the  other  trends  generally 
north,  disappearing  in  the  vicinity  of  the  Henderson  Dome  in  the  north- 
east part  of  the  quadrangle. 

Fettke  (1954,  p.  8-9)  states  that  the  Henderson  Dome  is  roughlj 
circular,  about  5 miles  in  diameter,  and  has  a closure  on  the  Homewooc 
Formation  of  about  150  feet.  He  believes  it  to  have  been  caused  by  i 
diapiric  intrusion -of  Reedsville  Shale  (Ordovician),  which  pushed  asid( 
the  Queenston  and  Albion  Formations  (Ordovician  and  Silurian). 

A narrow  anticline  extends  along  the-  west  side  of  the  northward- 
trending syncline.  West  of  this  anticline  data  are  sparse  but  only  broad 
gentle  undulations  are  probably  present  in  the  Mercer-County  part  ol 
the  quadrangle.  However,  in  the  southeast  corner  of  the  Mercer  quad- 
rangle, the  Vanport  rises  irregularly  (from  the  basin  mentioned  above) 
in  another  anticline.  This  anticline  may  possibly  be  the  northeast  ex- 
tension of  DeWolf’s  Homewood  anticline  (DeWolf,  1929,  p.  67). 
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Figure  9.  Map  showing  structure  contours  on  the  top  of  the  Vonport  Limestone  in  the  Mercer 
quadrangle. 
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In  the  section  on  stratigrajhiy,  attention  was  called  to  the  presence 
of  thick  sections  of  shale  in  certain  parts  of  the  quadrangle.  Sandstones 
were  either  much  thinner  or  absent  in  these  places.  Excellent  examples 
are  furnished  by  the  log  of  well  Bt-158  and  by  Plate  3.  Areas  underlain 
predominantly  by  shale  correspond  closely  to  areas  of  structural  lows. 
It  seems  reasonable,  therefore,  to  suppose  that  the  structural  basins  and 
synclines  are  due  in  large  part  to  compaction  of  the  shale.  The  converse 
of  this  theory — that  structural  highs  coincide  with  thick  sandstones — is 
difficult  to  demonstrate  because  of  the  scarcity  of  data  on  the  Vanport 
or  other  satisfactory  marker  beds  in  areas  of  thick  sandstone.  Also, 
where  structural  control  is  available,  stratigraphic  information  is  lacking. 

Joints. — Fractures,  or  planes  along  which  a rock  is  broken,  are  called 
joints  if  no  discernible  movement  has  taken  place.  If  it  can  be  shown 
that  differential  movement  between  the  two  sides  of  a fracture  has  taken 
place,  the  fracture  is  called  a fault.  No  evidence  of  faulting  was  obtained. 


Figure  10.  Diagram  showing  orientation  of  145  joints. 

Measurements  of  145  joints  were  made  at  outcrops  throughout  the 
quadrangle.  The  joints  were  vertical  or  nearly  so;  their  direction  of 
orientation  is  shown  in  Figure  10.  Certain  ju'eferred  orientations  are 
evident.  In  the  northwest  f|uadrant  the  commonest  orientation  is  between 
N.35°W.  and  N.40°W.  The  next  commonest  orientation  is  between 
N.75°W.  and  N.85°W.  .Joint  orientations  in  the  northeast  quadrant  are 
more  evenly  distributed.  The  commonest  orientation  is  N.25°-30°E.,  and 
other  common  orientations  are  N.10°-15°E.  and  N.35°-40°E. 
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A striking  parallelism  exists  between  the  orientation  of  most  of  the 
major  stream  valleys  and  the  orientation  of  the  most  prominent  joint 
directions  in  each  quadrant.  The  main  valley,  which  cuts  through  the 
central  part  of  the  quadrangle,  strikes  X.26°E.  for  a large  jnirt  of  its 
reach.  Its  main  tributary  valleys,  which  entei-  from  the  west,  have  strikes 
which  range  from  N.30°W.  to  N.40°W. 

Such  close  agreement  between  joint  directions  and  the  orientation  of 
major  valleys  suggests  that  the  valleys  may  be  joint-controlled.  If  such 
control  does  exist,  it  would  i)robably  be  exerted  not  by  a single  joint  but 
by  a joint  zone,  or  zone  in  which  the  density  of  fractures  was  greater 
than  in  adjacent  areas.  Such  a concentration  of  fractures  would  con- 
stitute a zone  of  weakness,  which  would  be  more  readily  eroded  than 
adjacent  areas.  The  boundaries  of  the  zone  are  probably  not  sharply 
delimited;  rather,  the  density  of  fractures  i)robably  decreases  gradually 
away  from  the  center  zone.  Such  a condition  would  result  in  increased 
permeability  of  the  rocks  in  the  valley  and  in  the  areas  adjacent  to  the 
valley.  Permeabilities  would  be  expected  to  decrease  with  increasing 
distance  from  major  valleys.  This  theory  is  supported  somewhat  by 
hydrologic  and  geochemical  evidence  and  will  be  discussed  further  in 
those,  sections. 

SEDIMENTATION 

The  rocks  that  have  been  described  in  the  previous  sections  are  a 
sample  of  the  sediments  deposited  in  the  Appalachian  Basin  during  Early 
Mississippian  and  [Middle  Pennsylvanian  time.  Certain  interpretations 
may  be  made  from  this  sample,  although  a precise  delineation  of  the 
paleogeography  is  not  possible. 

Source  of  sediuients. — The  Shenango  and  Burgoon  Formations  increase 
both  in  thickness  and  in  sand  content  toward  the  southeast  in  the 
[Mercer  cpiadrangle.  The  upper  part  of  the  Burgoon  becomes  shaly  north- 
ward and  appears  to  interfinger  with  the  Hemjtfield  Shale.  These  features 
suggest  that  the  source  of  these  [Mississippian  formations  lay  to  the  south- 
east and  south  of  the  Mercer  quadrangle. 

The  red  beds  of  the  Upper  Mississippian  [Mauch  Chunk  Formation 
are  believed  to  have  been  removed  by  erosion  in  Early  and  Aliddle  Penn- 
sylvanian time  (Butts,  1908,  p.  194),  so  that  the  next  younger  formation 
in  the  area  is  the  Sharon  Foi'ination  of  Pennsylvanian  age.  The  presence 
of  the  Sharon  in  only  the  northwestern  corner  of  the  area,  plus  the  studies 
of  Fuller  (1955)  and  other  workers,  indicate  tliat  the  Sharon  had  a 
northern  source. 

Evidence  concerning  the  source  of  the  sediments  in  the  remainder  of 
the  formations  of  the  Pottsville  and  Allegheny  Groups  was  obtained 
almost  solely  from  measurements  of  the  direction  of  dip  of  crossbedding 
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Figure  11.  Diagram  showing  the  dip  directions  of  crossbeds  in  the  Connoquenessing,  Home- 
wood,  Clarion,  and  Kittanning  Formations. 

in  sandstones.  (See  Fig.  11.)  Crossbcdding  is  scarce  in  the  Connoquenes- 
sing  Formation,  but  the  measurements  of  dip  directions  that  were  ob- 
tained show  that  the  crossbedding  dips  chiefly  toward  the  northwest. 
Crossbedding  is  common  in  the  Homewood  Formation.  The  dispersion 
of  the  directions  of  dip  is  very  great,  however,  and  this  is  shown  in 
Figure  11.  Sandstone  is  not  widely  distributed  in  the  Clarion  Formation. 
Even  where  present,  the  sandstone  beds  are  generally  planar.  Cross- 
bedding is  most  abundant  in  the  northeastern  part  of  the  quadrangle, 
and  it  shows  that  the  source  was  generally  from  the  south  and  southwest. 
Measurements  of  the  dip  directions  of  crossbcdding  were  obtained  in 
all  three  members  of  the  Kittanning  Formation,  although  most  of  the 
measurements  wei:e  made  on  the  lower  member.  They  indicate  that  the 
source  of  the  sediments  was  generally  from  the  east. 

Depositional  site. — Evidence  of  the  environmental  conditions  at  the  place 
of  deposition  are  obtained  both  from  fossils  and  from  the  sediments. 

Marine  fossils  (chiefly  brachioi)ods)  are  present  in  several  formations. 
White  (1880,  p.  78-79)  reported  their  presence  in  the  Shenango  and 
Hempfield  Formations  at  outcrops  in  Crawford  County.  In  the  Mercer 
quadrangle,  marine  fossils  are  present  in  the  Mercer  limestone  bed  and 
the  adjacent  shale,  and  the  Vanport  Limestone. 
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Most  of  the  Pennsylvanian  formations  contain  coal  beds,  which  in- 
dicate deposition  in  fresh-water  swamps.  (See  Weller,  1960,  p.  177.) 

Carbonized  remains  of  loaves  and  small  stems  are  found  in  some  of 
the  shales.  Where  the  leaves  are  found  unbroken,  as  in  the  shale  over- 
lying  the  lowei'  Kittanning  coal,  they  were  probably  carried  only  a short 
distance  and  were  deposited  in  cpiiet  water.  In  contrast,  finely  macerated 
jdants,  such  as  those  in  the  shale  overlying  the  middle  Kittanning  coal, 
were  probably  transported  a considerable  distance.  During  transit  the 
plant  may  have  been  partly  decomposed,  facilitating  its  fragmentation 
and  wide  dissemination  in  the  shale. 

The  occurrence  of  plant  remains  suggests  the  presence  of  reducing 
conditions  at  the  place  of  deposition.  Additional  evidence  of  a reducing 
environment  is  furnished  by  the  presence  of  iron  sulfides.  The  sulfides' 
occur  both  in  veins  in  the  coal  and  disseminated  through  the  carbonaceous 
shales.  Such  an  environment  jirevailed  in  the  northwestern  part  of  the 
quadrangle  during  Clarion,  Vanport,  and  early  Kittanning  times. 

The  nature  of  the  site  of  deposition  is  suggested  also  by  such  features 
of  the  sedimentary  body  as  its  size,  shai)e,  configuration,  and  bedding. 
Extensive  bodies  of  sand  of  fairly  uniform  thickness  and  bedding,  such 
as  the  sandstone  of  the  Shenango  Formation,  are  commonly  marine. 
Formations  such  as  the  Burgoon,  which  are  of  limited  areal  extent  and 
have  a pronounced  wedge  shape,  suggest  deposition  in  a deltaic  environ- 
ment. A fluvial  environment  is  inferred  for  the  sandstones  of  the  Home- 
wood,  Clarion,  and  Kittanning  Formations  because  they  are  narrow, 
elongate  bodies  having  channel-tyi)e  cross  sections,  and,  frequently, 
prominent  crossbedding.  The  sandstone  members  of  the  Connoquenessing, 
however,  appear  to  have  been  deposited  on  an  essentially  flat  surface 
and,  locally,  to  have  thickened  upward  into  ridges — as  in  an  offshore  bar. 
Crossbedding  is  not  common  in  the  Connoquenessing. 

Tectonism. — Sedimentary  evidence  of  crustal  movements  in  the  Alercer 
quadrangle  is  obtained  l)oth  from  the  succession  of  facies  and  from  the 
suites  of  minerals  present  in  the  rocks.  The  few  facies  and  the  suite  of 
stable  minerals  present  in  the  part  of  the  Mississippian  rocks  discussed 
in  this  report  suggests  that  stable  conditions  prevailed  during  their  dep- 
osition. It  is  i)OSsible,  however,  that  the  Mercer  quadrangle  is  so 
situated  in  relation  to  the  shoreline  of  that  time  that  the  results  of  minor 
crustal  movements  were  not  recorded  in  the  sediments  of  the  IMercer 
quadrangle.  The  uplift  that  occurred  at  the  end  of  IMississippian  time, 
and  at  the  beginning  of  Pennsylvanian  time,  was  mild  and  resulted  in 
little  more  than  a gently  southward  tilting  and  subsequent  beveling  of 
the  beds  in  this  quadrangle. 
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Evidence  of  slight  crustal  movements  is  recorded  in  the  Pottsville  sedi- 
ments, although  it  is  uncertain  whether  the  sedimentary  seciuences  were 
l)roduced  by  sediments  being  supplied  at  a variable  rate  to  a basin  that 
was  subsiding  uniformly,  or  by  sediments  supplied  at  a constant  rate  to 
a basin  whose  rate  of  subsidence  fluctuated.  In  the  Mercer  Formation, 
marine  limestone  overlies  coal  at  two  horizons  and  is  overlain  by  a third 
coal — showing  that  environmental  conditions  changed  twice  from  fresh 
water  to  marine  and  back  to  fresh  water  again.  Similar  evidence  of 
oscdlation  is  i)resent  in  the  sequence  of  formations  from  the  Clarion 
Formation  to  the  Kittanning  Formation.  Less  dramatic  (but  just  as 
indicative  of  movement),  are  the  various  other  repetitive  sequences  of 
sediments. 

The  deep  channels  eroded  in  Homewood  and  early  Kittanning  time 
are  believed  to  have  been  initiated  by  uplift  farther  ni)stream,  although 
a change  in  climate  or  a diversion  of  the  main  stream  from  some  other 
area  to  that  of  the  Mercer  quadrangle  might  produce  similar  results. 

The  detrital  minerals  of  the  Mississippian  and  Pottsville  rocks  are 
well  rounded  and  well  sorted  and  are  stable  in  a near-surface  environ- 
ment. Apparently  they  have  undergone  considerable  weathering  under 
near-surface  conditions,  which  indicates  either  that  they  were  weathered 
during  a i)eriod  of  coastal  stability  or  that  they  have  passed  through 
several  cycles  of  sedimentation.  In  contrast,  the  rocks  of  the  Allegheny 
Group  are  composed  largely  of  angular  to  subangular,  poorly  sorted 
minerals.  Clay  is  much  more  abundant  in  sandstones  of  the  Allegheny 
Group  than  in  the  sandstones  of  older  units.  Less  stable  minerals,  such 
as  ferromagnesian  minerals,  are  more  abundant  than  they  are  in  the 
older  rocks.  In  short,  uplift  and  renewed  erosion  probably  took  place 
in  the  source  areas  during  Allegheny  time. 

Geologic  History. — The  sedimentary  record  in  the  Mercer  quadrangle 
indicates  that  during  Mississippian  and  Pennsylvanian  times  deltas  grew 
northward  and  westward  in  the  quadrangle.  In  both  periods,  the  sedi- 
ments grade  upward  stratigraphically  from  marine  toward  terrestrial 
ty])es.  Many  reversals  of  trend  are  apparent,  although  they  are  of  short 
duration. 

At  the  close  of  'the  Mississippian  Period,  the  land  was  uplifted  and 
tilted  southward.  Part  of  the  record  of  AIississii)pian  sedimentation  was 
destroyed  by  the  ensuing  erosion.  The  record  that  is  preserved  shows  that 
the  Mississippian  delta  did  not  extend  as  far  into  the  Alercer  quadrangle 
as  did  the  Pennsylvanian  delta. 

After  a period  of  erosion  in  Early  Pennsylvanian  time,  submergence 
took  place,  and  the  land  was  gently  tilted  northward.  The  first  Pennsyl- 
vanian sediments  to  be  deposited  were  the  fluvial  sands  of  the  Sharon 
Formation,  which  were  derived  from  a northern  source.  (See  Fuller, 
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1955.)  A.?  the  tilting  continued,  the  Sharon  delta  foundered,  and  all 

sediments  deposited  subseciuently  in  the  area  were  derived  from  the 
south,  southeast,  or  east. 

In  early  Pottsville  time,  marine  conditions  predominated  in  the  Mercer 
quadrangle,  although  coal  in  the  middle  member  of  the  Connociuenessing 
Formation  and  in  the  fiercer  Formation  indicates  that  the  area  was 
above  water  several  times.  Following  the  deposition  of  the  Alercei'  Forma- 
tion, the  area  was  uplifted  and  deep  channels  were  cut.  The  Flomewood 
Formation  was  deposited  in  these  channels.  Erosion  changed  to  alluvi- 
ation during  late  Homewood  time  as  shown  by  the  presence  of  shaly 
sandstone  at  the  top  of  the  formation.  A period  of  quiescence  followed, 
during  which  the  Brookville  underclay  and  coal  accumulated. 

Further  deltaic  growth  occurred  during  Clarion  time  and  was  followed 
by  land  submergence  and  the  dei)osition  of  the  marine  Vanport  Limestone. 

Uplift  and  erosion  similar  to  that  of  early  Homewood  time  then  took 
place,  and  deep  channels  were  scoured.  Sandstone  of  the  lower  member 
of  the  Kittanning  Formation  was  deposited  in  these  channels,  and  a period 
of  coal  formation  followed. 

The  lithology  of  tlie  middle  member  of  the  Kittanning  Formation  in 
the  Mercer  quadrangle  does  not  show  definitely  whether  the  member  is 
a marine  or  fresh-water  de))osit.  The  plant  material  in  the  member  is 
severely  macerated,  which  suggests  that  it  was  transported  a considerable 
distance  before  it  was  deposited.  Moreover,  E.  G.  Williams  (1959,  per- 
sonal communications)  found  marine  fossils  in  this  member  a few  miles 
south  of  the  Mercer  quadrangle. 

The  remainder  of  the  Allegheny  Group  is  characterized  by  deposits 
of  coal,  small  channel  sands,  and  shales. 

GROUND-WATER  HYDROLOGY 

PRINCIPLES  OF  OCCURRENCE 

Precipitation  that  falls  on  the  earth’s  surface  may  be  returned  directly 
to  the  atmosphere  by  evaporation;  it  may  move  by  overland  flow  to 
streams  and  be  lost  to  the  area  by  surface  runoff;  or  it  may  percolate 
downwartl  into  the  earth  through  pores  and  fractures  in  the  soil  and  rocks. 
Some  of  the  water  that  enters  the  earth  may  be  captured  by  plants; 
some  may  be  adsorbed  on  soil  or  rock  particles;  and  some  may  continue 
to  move  downward  until  it  readies  the  zone  of  saturation,  within  which 
all  jrores  and  fractures  arc  filled  comijletely  with  water  under  pressure 
greater  than  atmospheric.  Water  within  this  zone  is  called  ground  water, 
and  its  upper  surface  is  called  the  water  table. 

Water  in  the  zone  of  saturation  continues  to  move,  under  the  influence 
of  gravity,  from  areas  of  intake  or  recharge  to  lower  levels  and  finally 
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to  points  of  discharge.  The  water  moves  in  the  direction  of  the  greatest 
hydraulic  gradient,  which  is  defined  as  the  difference  in  hydraulic  head 
between  two  points  divided  by  the  flow  distance  between  them.  The 
rate  of  movement  of  the  water  is  a function  of  the  hydraulic  gradient 
and  the  size  and  degree  of  interconnection  of  the  openings  in  the  rocks. 
Because  most  of  the  o])enings  are  small,  they  offer  considerable  resistance 
to  the  flow  of  water,  so  that  ground  water  usually  moves  at  rates  of  only 
a few  feet  per  day  or  even  per  year.  The  ability  of  a rock  to  transmit 
water  is  referred  to  as  its  i)ermeability,  which  is  expressed  as  the  amount 
of  water  in  gallons  per  day  that  can  be  transmitted  through  a cross- 
sectional  area  of  1 scjuare  foot  under  a unit  hydraulic  gradient.  A rock 
that  yields  sufficient  water  to  make  it  an  economic  source  of  supply  is 
called  an  aquifer. 

Ground  water  may  occur  under  either  water-table  or  artesian  condi- 
tions. Under  water-table  conditions  the  ground  water  is  not  confined, 
and  the  water  table  is  free  to  fluctuate  in  response  to  recharge,  discharge, 
and  changes  of  barometric  pressure.  The  configuration  of  this  surface 
is  generally  a subdued  replica  of  the  land  surface. 

Under  artesian  conditions  there  is  no  water  table,  for  the  ground  water 
is  confined  under  hydrostatic  pressure  between  less  permeable  beds,  and 
the  water  level  in  a tightly  cased  well  tapping  the  artesian  aquifer  will  rise 
above  the  top  of  the  aquifer.  The  imaginary  surface  to  which  the  water 
will  rise  in  wells  tai^ping  an  artesian  aquifer  is  called  the  piezometric 
surface. 


GROUND -WATER  FLUCTUATIONS 

Ground-water  levels  arc  not  static;  they  fluctuate  in  response  to  changes 
in  barometric  pressure  and  in  the  recharge-discharge  regimen.  The  amount 
of  recharge  reaching  an  aquifer  under  natural  conditions  depends  not 
only  on  the  amount  of  i)recipitation  but  also  on  its  intensity  and  dis- 
tribution throughout  the  year,  the  temperature  of  the  air  and  soil,  and 
the  type  and  amount  of  vegetation.  The  amount  of  w^ater  discharged 
from  an  aquifer  under  natural  conditions  is  equal  to  the  recharge.  The 
discharge  is  accomplished  by  flow  to  surface-water  bodies  or  to  other 
aquifers  having  lower  hydraulic  head,  by  direct  evaporation  from  the 
water  surface,  and  by  transpiration  by  plants.  Human  activities,  of 
course,  can  effect  major  changes  in  this  regimen. 

Because  the  regimen  varies  somewhat  from  year  to  year,  the  water 
level  will  change  in  response  to  these  long-term  variations.  Thus,  it 
will  stand  somewhat  higher  in  wet  years  and  lower  in  dry  years. 

Water  levels  were  measured  })criodically  in  approximately  100  observa- 
tion wells  in  the  IMerccr  quadrangle  during  1957.  Water-level  recorders 
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were  installed  on  12  wells,  to  furnish  continuous  measurements,  and 
monthly  measurements  were  made  on  the  remainder  of  the  wells.  Figure 
12  shows  water-level  fluctuations  in  well  ]\fr-526,  and  the  records  of  tem- 
perature and  jirecipitation  at  the  U.  S.  "Weather  Bureau  Station  at  Slippery 
Rock,  Pa. 

Precipitation  is  fairly  uniformly  distributed  throughout  the  year, 
although  it  is  slightly  greater  during  the  summer  months.  Water  levels 
in  most  of  the  observation  wells  were  highest  in  April.  They  declined 
during  the  summer  to  a low  in  October  or  November.  This  period  of 
decline  corresponds  to  the  growing  season,  and  the  decline  in  water  levels 
at  this  time  shows  that  most  of  the  rain  was  being  intercepted  by  plants. 

The  highest  and  lowest  points  in  the  cycle  occur  at  about  the  same 
time  in  all  wells  regardless  of  the  depth  to  water,  showing  that  there  is 
no  detectable  delay  in  the  resjionse  to  surface  influences  in  any  of  the 
aquifers  measured,  regardless  of  their  depth. 

The  fluctuations  of  the  water  levels  in  the  observation  wells  during 
the  year  1957  ranged  from  0.75  to  21.2  feet.  However,  in  about  half  of 
the  wells  the  range  of  fluctuation  was  6 feet  or  less,  and  in  about  70 
percent  the  range  was  less  than  10  feet. 

CIRCULATION  OF  GROUND  WATER  IN  THE  FIERCER 

QUADRANGLE 

The  mature  dissection  of  the  bedrock  surface  has  divided  the  Mercer 
quadrangle  into  a number  of  “hydrologic  islands”  a few  square  miles 
in  area,  each  of  which  has  its  own  pattern  of  circulation.  The  “islands” 
are  made  up  of  rocks  younger  than  the  lower  member  of  the  Conno- 
quenessing  Formation.  Thus,  the  lower  member  of  the  Connoquenessing 
is  the  youngest  unit  that  is  hydrologically  continuous  over  a major  part 
of  the  area. 

Despite  the  detailed  well  inventory,  there  are  not  sufficient  data  to 
permit  the  prei)aration  of  piezometric  maps  for  the  many  different 
aquifers.  Aleasurements  of  the  depth  to  water  in  wells  show  that  the 
water  levels  in  the  individual  formations  rise  above  the  tops  of  their 
formations,  indicating  artesian  conditions.  However,  water  levels  in  a 
formation  stand  at  a higher  elevation  beneath  a topogi'aphic  high  than 
beneath  a valley — showing  conformance  to  the  topograi)hic  surface  such 
as  occurs  under  water-table  conditions.  The  anomaly  is  believed  to  be 
caused  by  fractures,  or  other  zones  of  high  permeability  in  the  over- 
lying  confining  beds,  which  permit  the  downward  movement  of  consider- 
able amounts  of  water  through  the  overlying  beds.  Some  of  this  water 
discharges  where  the  aquifers  outcrop  around  the  margins  of  the  “hydro- 
logic  islands.”  The  rest  of  the  water  moves  downward  to  lower  aquifers. 
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Observations  of  drillers  support  the  above  interpretation:  In  some 
wells  the  static  water  level  is  reported  to  change  less  than  1 foot  as  the 
well  is  drilled  through  successively  deeper  aquifers;  elsewhere,  a decline 
in  head  of  as  much  as  several  tens  of  feet  is  reported  as  deeper  aquifers 
are  penetrated. 

The  circulation  pattern  of  water  in  the  glacial  material  is  similar  to 
that  in  the  bedrock.  Water  is  derived  both  from  precipitation  on  the 
surface  and  from  discharge  from  sul)crop  areas  of  the  bedrock.  Surface 
streams  serve  as  j)laces  of  discharge  for  the  glacial  materials. 

The  pattern  of  flow  through  an  idealized  cross  section  of  the  complex 
environment  described  above  is  sliown  in  Figure  13.  Confirmatory  evi- 
dence of  this  pattern  is  supidied  also  by  the  chemical  ciuality  of  the 
water,  especially  in  the  glacial  sediments.  For  further  discussion,  see 
the  section  on  geochemistry. 

Marked  changes  in  head  will  occur  as  deeper  aquifers  are  penetrated, 
except  in  places  where  the  rocks  are  severely  fractured.  Exce]T  in  valleys, 
the  head  will  decline  as  wells  are  dee]iened,  indicating  that  water  is  flowing 
from  upper  aquifers  to  lower  aquifers  via  the  borehole.  Work  by  Bennett 
and  Patten  (1960)  on  well  ]\Ir-526  showed  internal  discharge  of  water 
from  the  upper  aquifer  to  a lower  aquifer.  They  point  out  that  because 
of  this  internal  circulation  the  well  would  have  to  be  pumped  at  a rate 
greater  than  500  gi)m  before  the  lower  aquifer  would  yield  any  water 
to  the  well. 

The  rate  at  which  a multiariuifer  well  would  have  to  be  pumped  to 
obtain  the  maximum  yield  from  each  aquifer  would  dcjiend  on  the 
characteristics  of  each  aquifer  and  on  the  differences  in  head  between 
aquifers. 

In  a valley,  the  pattern  of  circulation  may  be  such  as  to  produce  a 
flowing  well.  The  maximum  amount  of  water  olffainable  from  such  a 
well  can  be  determined  only  by  an  evaluation  of  each  aejuifer  ta]>ped 
by  the  well. 

Avenues  of  inoveuient . — The  permeal)ility  of  unconsolidated  materials  is 
controlled  by  the  size,  shai)c,  sorting,  and  packing  of  the  component 
grains.  Thus,  a well-sorted  sand  composc'd  of  well-rounded  grains  is 
highly  permeable,  and  a (day  is  relatively  imi)ermeable.  The  consolidated 
eciuivalents  of  these  materials  (sandstone  and  shale)  are  generally  con- 
sidered in  the  same  way.  Such  a generalization  may  be  erroneous  for 
two  reasons:  first,  the  presence  of  cement  reduces  the  permeability  of 
the  sandstone,  possibly  even  to  zero;  and  s(‘Cond,  the  cementation  of  the 
sediments  prevents  free  intei'granular  movement  in  response  to  stresses 
in  the  earth’s  crust  and  results  in  the  development  of  joints  and  other 
fractures  in  the  rock,  which  are  referred  to  as  secondary  ojicnings. 


January  February  Morch  April  May  June  July  August  beptember  uctooer  Novemoer  uecemoer 
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Graph  showing  fluctuations  of  the  water  level  in  well  Mr-526,  and  the  daily  tem- 
perature and  precipitation  at  the  U.  S.  Weather  Bureau  Station  at  Slippery  Rock, 
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Figure  13.  Idealized  pattern  of  ground-water  flow  In  the  Mercer  quadrangle. 
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In  the  ^Mercer  quadrangle  the  cementing  material  that  hinds  the  grains 
of  sand  together  is  chiefly  silica,  but  it  may  contain  minor  amounts 
of  clay  minerals  and  compounds  of  iron.  The  cement  differs  in  amount 
from  place  to  place  between  formations  and  within  one  formation.  The 
range  in  degree  of  cementation  in  a formation,  as  shown  by  the  sample 
logs  of  wells  such  as  Bt-19  and  i\Ir-1184,  has  already  been  noted  in  the 
section  on  stratigraidiy. 

The  exact  cause  of  the  irregular  distribution  of  cement  is  uncertain, 
but,  the  effectiveness  of  the  cement  in  impeding  the  flow  of  ground  water 
is  shown  in  a spectacular  manner  in  wells  at  Grove  City. 

These  wells  are  approximately  300  feet  deep  and  penetrate  bedrock 
formations  extending  from  the  Burgoon  Sandstone  to  the  lower  part  of 
the  Homewood  Formation.  IMost  of  the  wells  are  cased  to  the  top  of  the 
Connoquenessing  Formation,  so  that  about  180  feet  of  sandstone,  broken 
by  only  a few  thin  l)eds  of  shale,  ai’c  exposed  in  each  well.  Well  iMr-948, 
however,  is  cased  into  the  lower  member  of  the  Connociuenessing  Forma- 
tion, to  a depth  of  210  feet  below  land  surface. 

During  the  pumping  of  well  i\Ir-947,  several  slugs  of  brine  were  intro- 
duced into  well  ]Mr-948,  113  feet  away,  and  their  movement  in  the 
well  was  traced  with  a fluid-conductivity  probe.  Brine  placed  in  the 
interval  from  264  to  286  feet  below  land  surface  moved  out  of  the  well 
into  the  aquifer — the  most  rapid  movement  taking  place  in  the  upper 
part  of  this  interval.  Brine  ]daced  above  or  below  this  interval  remained 
apjiarently  undisturbed. 

Shortly  after  pumping  stopjied,  water  surged  into  well  Mr-948  in 
the  interval  between  264  and  268  feet  below  land  surface,  splitting  a 
brine  slug  opiiosite  this  interval  into  two  parts  and  disi)lacing  one  part 
upward  and  the  other  downward. 

The  tests  indicate  that  the  only  permeable  rocks  exposed  below  the 
casing  in  well  i\Ir-948  are  those  between  264  and  286  feet  below  land 
surface,  and  that  the  interval  fi’om  264  to  268  feet  is  many  times  more 
permeable  than  the  rest  of  this  zone. 

Brine  tracing  was  conducted  also  in  well  iMr-1168,  at  Grove  City,  Pa. 
The  well  was  305  feet  dee])  and  was  cased  to  116  feet  below  land  surface. 
The  static  water  level  was  about  40  feet  below  land  surface.  The  electric 
log  shows  the  same  sequence  of  sandstone  and  minor  shale  breaks  that 
are  present  at  wells  iMr-945  and  Mr-948.  Brine  was  injected  into  the 
well  at  the  top  and  was  flushed  downward  by  a stream  of  water  from  a 
hydrant.  The  brine  slug  moved  downward  at  the  rate  of  about  30 
feet  per  minute  until  it  reached  a depth  of  about  240  feet.  IMost  of  the 
slug  left  the  hole  between  240  and  260  feet  below  land  surface,  and  the 
remainder  continued  slowly  downward  to  about  284  feet.  A slug  intro- 
duced below  284  feet  stagnated. 
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These  results  indicate  a permeable  zone  from  240  to  284  feet  below 
the  land  surface,  and  indicate  also  that  the  greatest  permeability  is  in 
the  upper  20  feet  of  the  interval. 

In  both  wells  Mr-948  and  Mr-1168  the  permeable  zone  is  present  in 
the  Burgoon  Sandstone — not  in  the  overlying  Connoquenessing  Forma- 
tion. Pumi)ing  tests  indicate  that  the  permeable  zone  is  present  through- 
out the  Grove  City-Cooper-Bessemer  well  field  and  extends  westward  at 
least  as  far  as  well  Mr-1131,  at  the  edge  of  Grove  City,  Pa.  The  persist- 
ence of  this  zone  over  so  large  an  area  indicates  that  the  permeability 
is  probably  due  to  the  stratigraphy  rather  than  to  fractures,  for,  as  noted 
in  the  section  on  structure,  the  fractures  observed  in  the  field  are  in- 
variably high-angle  fractures  having  small  lateral  extent. 

As  a possible  explanation  of  the  persistent  zone  of  high  permeability, 
it  is  suggested  that  the  zone  is  probably  poorly  cemented  because  con- 
ditions at  the  time  of  sedimentation  favored  the  deposition  of  coarse 
material.  The  coarse-grained  sediments,  in  turn,  have  large  interstices 
that  permit  rapid  movement  of  water,  which  makes  them  unfavorable 
sites  for  the  deposition  of  cementing  material.  The  phenomenon  is  not 
of  unlimited  extent,  however,  for  boundary  conditions  are  indicated  by 
pumping  test  data,  and  data  on  the  Burgoon  Sandstone  from  wells  else- 
where in  the  quadrangle  indicate  it  has  low  permeability  at  those  places. 

Dickey  and  others  (1943,  p.  31)  noted  a relationship  between  degree 
of  cementation  and  coarseness  of  grain  size  in  the  oil-bearing  Venango 
sands  of  Devonian  age. 

Several  wells  completed  in  shale  in  the  Mercer  quadrangle  have  re- 
ported yields  that  suggest  the  importance  of  fractures.  For  example, 
during  a ])umjung  test,  well  Bt-20  yielded  50  gpm  for  20  hours  from 
shale  of  the  lower  member  of  the  Kittanning  Formation  and  had  only  12 
feet  of  drawdown;  also,  well  iVIr-1162  yielded  20  gpm  from  shale  of 
the  Clarion  Formation,  and  well  Mr-18  yielded  25  gpm  from  shale  of 
the  Mercer  Formation.  Drawdown  in  the  latter  two  wells  is  not.  known 

Alany  wells  in  the  Mercer  quadrangle  show  the  influence  of  boundary 
conditions  when  they  are  pumj^ed.  (See  Fig.  14.)  Pumping  tests  on  the 
wells  tapping  bedrock  aquifers  generally  indicate  the  presence  of  re- 
charge boundaries  near  the  wells.  These  recharge  boundaries  are  believed 
to  be  areas  where  fractures  permit  recharge  from  overlying  or  underlying 
aquifers. 

Wells  producing  from  materials  having  considerable  primary  perme- 
ability, such  as  glacial  dejiosits,  can  be  expected  to  show  the  effects  of 
both  recharge  boundaries  and  impermeable  boundaries.  In  the  Mercer 
quadrangle,  some  wells  tapping  glacial  materials  show  sharp  increases 
in  drawdown  as  they  are  jumiped  at  a constant  rate,  indicting  the 
presence  of  an  impermeable  boundary — ]n’obably  a zone  of  clay  or  clayey 
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sand  of  1o\y  i)ermc:il)ility  near  tlie  well.  Other  wells  show  a decreasing 
rate  of  drawdown  soon  after  iiuinihng  starts,  indicating  the  presence 
of  a recharge  houndary — hclie'S’ed  to  lie  a zone  of  sand  or  graYcl  of  high 
permeability  near  the  well. 


HYDRAULICS 
Definitions  and  principles 

Pii ftiping  tests. — The  hydraulic  properties  of  a rock  are  dcsciihcd  in  teinis 
of  its  ability  to  store  and  transmit  water,  ddie  storage  capacity  is  ex- 
jiressed  as  a coefficient,  S,  defineil  as  tlie  volume  of  water  that  an  atiuifei 
releases  or  takes  into  storage  per  unit  surface  area  per  unit  change  in 
the  component  of  head  normal  to  that  surface.  lor  water-table  condi- 
tions, S is  eciuivalent  to  specific  yield;  that  is,  the  volume  of  watei  that 
will  drain  by  gravitv  from  a saturated  rock  divided  by  the  ^ olume  of 
the  rock.  The  storage  coefficient  of  a water-table  aciuifer  commonly  has 
a value  between  0.05  to  0.30.  Ihider  artesian  conditions,  water  released 
from  or  taken  into  storage  in  response  to  a change  in  head  is  attriliuted 
solely  to  the  compressibility  of  the  aciuifer  and  the  water.  The  compressi- 
bility of  these  substances  is  small,  so  that  the  storage  coefficient  of  the 
artesian  acinifer  usually  ranges  from  0.0001  to  0.001. 

The  transmissiliility  of  an  aquifer  is  expressed  as  a coeflicient  (T), 
which  is  defined  as  the  rate  of  flow  of  water,  in  gallons  per  day,  thiougli 
a vertical  strip  of  the  aciuifer  one  foot  wide  and  extending  the  full 
saturated  height,  under  a unit  hydraulic  gradient,  at  a temperature  of 
60°F.  Transmissibility  may  lie  changed  to  permeability  by  dividing 
the  transmissibility  by  the  saturated  thickness  of  the  aciuifer. 

The  aciuifer  coefficients,  S and  T,  arc  calculated  from  measui'canents 
of  the  discharge-drawdown  relationship  in  tlu'  vicinity  of  a pumped 
well.  As  a well  is  pumped,  a cone  of  dc’pression  is  formed  in  the  piezo- 
metric surface  about  the  well.  The  cone  c'xpands  and  deepens  until  one 
of  the  three  following  conditions  is  met:  (1)  rc'charge  to  the  aciuifer  is 
increased  in  an  amount  eciual  to  the  inimping  rate,  (2)  natural  discharge' 
from  the  aciuifer  is  decreased  in  an  amount  eciual  to  the  pumping  rate, 
or  (3)  the  sum  of  tlie  increased  recharge  and  decreased  natural  discharge 
is  eciual  to  the  pumping  rate. 

Theis  (1935,  p.  519-524)  developed  an  eciuation  for  the  radial  flow  of 
water  to  a pumped  well.  It  is  expressed  in  ordinary  Sul■^'ey  units  as: 
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where 

s = drawdown  in  feet  at  an  observation  well  in  the  vicinity  of  a well 
discharging  at  a constant  rate 
u = 1.87  r-  S/Tt 
Q = discharge  of  well  in  gpm 
T = transmissibility  in  gpd/ft 

r = distance  in  feet  from  the  discharging  well  to  observation  well 
S = storage  coefficient 
t = time  in  days  since  pumping  started 

The  value  of  this  integral  is  given  by  an  infinite  series: 

/CO 

^du^W(u)  =-0.577216-logeU  + u-y^+^3,  

Tables  of  values  of  W(u)  for  different  values  of  u have  been  prepared 
(Wentzel,  1942,  facing  p.  89).  A plot  of  W(u)  versus  u on  logarithmic 
paper  is  known  as  a type  curve. 

The  aquifer  coefficients,  S and  T,  may  be  obtained  by  the  following 
steps:  (1)  plot  the  drawdown  in  feet  of  either  a pumped  well  or  of  an 
observed  well,  which  is  completely  connected  hydraulically  to  the  pumped 
well,  versus  time  in  minutes  on  logarithmic  graph  paper;  (2)  fit  the 
data  curve  to  the  type  curve  keeping  the  axes  of  the  graphs  parallel  to 
each  other,  and  note  the  drawdown-time  value  (match-point)  at  some 
convenient  value  on  the  type  curve;  then  (3)  solve  for  S and  T in  the 
following  equations  (Walton,  1953,  p.  8) : 

c;  _ Ti;  _ l]4.6QW(u) 

^ ~ 2692.8  (rVt)  ’ “ s 

where  t is  measured  in  minutes  and  the  other  units  are  as  defined  above. 

A number  of  assumptions  are  inherent  in  the  above  computation;  (1) 
the  aquifer  is  considered  to  be  homogeneous,  isotropic  and  infinite  in 
areal  extent,  (2)  the  i)umi)ed  well  penetrates  the  aquifer  completely,  (3) 
the  coefficient  of  transmissibility  is  constant  at  all  times  and  places,  (4) 
the  well  has  an  infinitesimal  diameter  relative  to  the  aquifer  as  a whole, 
and  (5)  water  removed  from  storage  is  discharged  instantaneously  with 
decline  in  head.  Although  these  conditions  are  seldom  met  completely 
in  nature,  the  method  has  been  applied  successfully  to  many  ground- 
water  problems. 

In  many  instances,  such  as  in  the  present  investigation,  data  can  be 
obtained  from  only  the  pumped  well.  Data  collected  from  the  pumped 
well  are  apt  to  be  less  accurate  than  those  from  observation  wells  because 
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of  entrance  losses  to  the  pumjied  well.  Also,  it  is  usually  impossible  to 
determine  the  effective  radius  of  the  pumped  well,  and  the  storage  co- 
efficient cannot  be  calculated  when  the  radius  of  the  well  is  unknown. 
However,  determinations  of  transmissibility  are  at  least  of  the  correct 
order  of  magnitude  and  serve  as  an  estimate  of  the  aquifer’s  capabilities. 

Boundnri/  conriitiom. — The  data  curve  may  match  the  type  curve  through- 
out only  part  of  its  extent  and  lie  above  or  below  the  theoretical  curve 
throughout  the  remainder.  Where  the  data  curve  shows  more  than  the 
theoretical  drawdown,  it  indicates  that  the  cone  of  depression  has  ex- 
panded to  an  impermeable  boundary,  which  may  be  either  a place  where 
water  is  being  discharged  from  the  formation  or  a zone  of  low  perme- 
ability. If  the  data  curve  shows  less  than  the  theoretical  drawdown,  it 
indicates  that  the  cone  of  depression  has  expanded  to  a recharge  boundary, 
which  may  be  either  a source  of  recharge  to  the  aquifer  or  a zone  of 
high  permeability.  Where  boundary  conditions  are  present,  calculations 
of  the  aquifer  coefficients  arc  made  from  the  early  part  of  the  curve. 

If  boundary  conditions  are  simple  and  data  are  obtained  from  three 
or  more  observation  wells,  the  position  of  the  boundary  may  be  estimated. 
However,  because  of  the  many  boundary  conditions  revealed  during  the 
pumping  tests,  a detailed  mathematical  analysis  seemed  inappropriate 
even  where  observation  wells  were  present.  Figure  14  is  a drawdown-time 
plot  of  well  La-48.5  showing  the  presence  of  boundary  conditions. 

Hydrology  of  aquifers 

Pumping  tests  were  made  on  37  wells  during  this  investigation.  In 
addition,  Mr.  T.  Uber  made  available  data  on  pumping  tests  that  he 
had  made  on  the  Slippery  Rock,  Pa.  wells  (Bt-28  and  Bt-29) ; and  Mr. 
Boiler,  maintenance  superintendent  at  Slippery  Rock  State  Teachers 
College,  furnished  pumping-test  data  for  well  Bt-87. 

The  results  of  these  tests  are  presented  in  Table  1.  As  observation 
wells  were  available  for  only  the  tests  at  Grove  City,  Pa.,  and  Slippery 
Rock,  Pa.,  the  storage  coefficients  could  be  computed  for  only  those  tests. 

Table  2 is  a summary  of  drillers’  tests  of  wells  in  the  area.  In  using 
these  tables  it  shoukhbe  kept  in  mind  that,  except  in  the  case  of  municipal 
and  indiLstrial  wells,  the  wells  may  not  penetrate  the  aquifer  completely; 
many  of  the  wells  yield  water  from  discrete  zones  rather  than  from  the 
entire  aquifer;  and,  within  a short  time  after  pumping  is  begun,  the  cone 
of  influence  of  the  well  may  extend  to  rocks  that  have  either  higher  or 
lower  permeability  than  those  in  which  the  well  is  drilled. 

Despite  these  complex  conflicting  factors,  the  data  for  each  formation 
tend  to  be  similar.  For  this  reason  they  are  believed  to  indicate  the 
approximate  hydraulic  character  of  the  formations. 
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Table 


Aquifer 


Kent  end  moraine 


Kent  oiitwash 


Lower  member  of  the  Kit- 
tanning Formation  

Clarion  Formation  


Homewood  Formation 


Mercer  Formation  

Upper  member  of  the  Con- 
noqueneasing  Formation.. 


Lower  member  of  the  Con- 
noquenessing  Formation.. 

Connonuenessing  Formation. 

undifferentiated  

Connoquenessing  and  B\ir- 

goon  Formations  

Burgoon  Sandstone  


1 . — Resjdts 

of  flumping 

tests. 

Well  no. 

TransmiK- 

sihilitv 

(T)' 

(qpdlftl 

Permenhiliti/ 

(K) 

(gpd'ft‘) 

Storage 

coefficient 

Bt-69 

900 

70 



La-116 

100 

1 

— 

Mr-28 

400 

— 

Mr-550 

2.000 

40 

— 

Mr-564 

2,000 

— 

— 

Mr-588 

8,000 

400 

— 

Mr-761 

500 

100 

— 

La-130 

300 

4 

— 

Mr-701 

8,000 

300 

— 

Mr-752 

400 

3 

— 

La-485 

800 

20 

— 

Bt-25 

8,000 

150 

— 

Bt-52 

4,000 

— 

— 

Bt-87 

3,000 

100 

— 

Mr-545 

400 

10 

— 

Mr-805 

20,000 

— 

— 

La-194 

400 

10 

— 

Mr-42 

600 

20 

— 

Mr-526 

10.000 

400 

— 

Mr-546 

200 

10 

— 

Mr-677 

200 

6 

— 

Mr-684 

2.000 

— 

— 

Mr-735 

100 

— 

— 

Mr-776 

400 

10 

— 

Mr-791 

5,000 

— 

— 

Mr-795 

500 

20 

— 

La-117 

100 

5 

— 

Bt-28 

7,000 

— 

— 

Mr-19 

8,000 

200 

— 

Mr-731 

600 

30 

— 

Mr-S12 

100 

5 

— 

Mr-1184 

4,000 

20 

— 

Bt-29 

7,000 

500 

20  X 10-" 

Mr-1184 

8,000 

400 

— 

Bt-13 

10,000 

— 

— 

Mr-526 

1,000 

'10 

— 

Mr-379 

400,000 

— 

20  X lO-'" 

Mr-945 

100,000 

— 

3 X lO  " 

Mr-946 

70,000 

— 

8 X 10-'' 

Mi-948 

100,000 

— 

2 X 10-" 

Mr-949 

100,000 

— 

3 X 10-'' 

Mr-1131 

60,000 

— 

— 

Shennngo  Forynntion. — Only  one  well  utilizing  this  formation  was  in- 
ventoried, and  no  estimates  of  its  water-bearing  jiroperties  were  obtained. 

Hemj) field  Fhnle. — Yield  data  were  obtained  from  only  one  well,  which 
was  reported  to  yield  3 gpm  (gallons  per  minute). 
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Table  2. — Summary  of  reported  yields  of  wells. 


Aquifer 

Number 

of 

wells 

Range  of 
yields 
( gpm) 

Median 

yield 

(gpm) 

Recent  alluvium  

3 

5-80 

20 

Kent  end  moraine  

8 

10-18 

15 

Kent  outwash  

8 

10-20 

11 

Kittanning  Formation 

Middle  member  

1 

— 

30 

Lower  member  (sandstone)  .... 

12 

4-30 

10 

Lower  member  (shale)  

6 

7-50 

15 

Vanport  Limestone  

1 

— 

18 

Clarion  Formation 

Sandstone  

8 

8-150 

15 

Shale  

9 

3-36 

15 

Homewood  Formation 

38 

6-30 

20 

Mercer  Formation  

13 

2.5-125 

13 

Connoquenessing  Formation 

Upper  member  

22 

3-300 

18 

Middle  member  

1 

— 

5 

Lower  member  

5 

15-36 

20 

Hempfield  Shale 

1 

— 

3 

Burgoon  Sandstone. — In  1960,  water  from  this  formation  was  used  in  only 
the  Grove  City,  Pa.,  area.  Well  Mr-947,  at  Grove  City,  was  pumped  at 
the  average  rate  of  1,056  gpm  for  4 hours  and  the  drawdown  was 
measured  in  wells  Mr-379,  Mr-945,  Mr-946,  Mr-948,  and  Mr-949.  Co- 
efficients of  transmissibility  and  storage  obtained  from  the  several  ob- 
servation wells  are  shown  in  Table  1.  Figure  15  shows  a plot  of  the 
drawdown  data  from  well  Mr-949.  The  curve  in  Figure  15  is  representa- 
tive of  the  data  collected  at  each  of  the  wells  during  the  test.  The  early 
data  from  each  test  were  used  to  compute  the  aquifer  coefficients.  The 
locations  of  the  wells  are  shown  in  Figure  16. 

The  coefficients  of  transmissibility  obtained  at  four  of  the  wells  ranged 
from  70,000  to  100,000  gi)d  per  ft  and  averaged  about  90,000  gpd  per  ft. 
The  coefficients  of  storage  ranged  from  2 X 10"^  to  8 X 10“®  and  averaged 
4 X 10"^.  The  coefficients  obtained  at  well  Mr-379,  however,  were  anom- 
alously high  (T  = 400,000  gpd/ft,  S = 20  X 10^®).  The  anomaly  is 
due  either  to  a change  in  the  character  of  the  aquifer  in  the  vicinity  of 
this  well,  or,  more  likely,  to  clogging  of  the  well. 

Analysis  of  the  pumping  test  on  well  Mr-1131  gave  a T of  60,000  gpd 
per  ft  and  showed  that  the  highly  permeable  zone  present  in  the  Grove 
City-Cooper-Bessemer  Co.  wells  extends  at  least  as  far  westward  as  the 
western  limits  of  Grove  City. 

A pumiung  test  of  well  Mr-526,  2Yi  miles  south  of  the  Grove  City 
well  field,  show  a marked  decrease  in  the  aquifer’s  permeability.  A 
continuously  i)ermeablc  zone,  comprising  the  Connoquenessing  and  the 
Burgoon  Formations,  was  present  at  well  Mr-526.  The  transmissibility 
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Figure  15.  Graph  showing  drawdown  in  well  Mr-949  during  pumping.  Lines  are  segments  of 
type  curve  that  have  been  fitted  to  data.  The  discontinuities  Indicate  the  presence 
of  boundary  conditions  in  the  vicinity  of  the  well. 
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Figure  16.  Map  showing  the  location  of  wells  in  the  Grove  City-Cooper-Bessemer  Co.  well 
field  in  Grove  City,  Pa. 

of  tliis  zone  was  estimated  to  be  1,000  gpd  per  ft,  of  which  the  Burgoon 
contributes  about  one-third. 

Brine  tracing  in  well  Bt-26,  about  6 miles  south  of  Grove  City, 
showed  an  almost  imi)erceptible  downward  circulation  of  water  from 
the  Clarion  Formation  to  the  Burgoon  Sandstone.  Pumping  of  the  well 
at  12  gpm  (the  maximum  capacity  of  the  pumping  equipment  available 
at  the  time)  failed  to  disturb  this  pattern  of  internal  circulation,  and  it 
was  not  possible,  therefore,  to  determine  the  transmissibility  of  the 
Burgoon  at  this  well. 

Hydrologic  information  conceiming  the  Burgoon  Sandstone  is  not 
available  elsewhere  in  the  quadrangle.  Further  study  of  the  Burgoon 
would  require  the  drilling  of  new  wells.  Because  of  the  large  supplies 
available  from  this  formation  in  the  Grove  City  area,  further  study  of 
this  formation  may  well  be  justified  as  the  need  for  water  increases. 

Sharo)i  Formation. — Xo  hydrologic  information  is  available  on  this  forma- 
tion. 

Conno(p.tenes.sing  Formation. — Pumping  tests  on  7 wells  yielded  trans- 
missibilities  that  range  from  about  100  to  10,000  gi)d  per  ft;  over  half 
of  these  were  l)etween  7,000  and  8,000  gpd  per  ft.  Computed  perme- 
abilities ranged  from  5 to  500  gpd  per  ft*.  A storage  coefficient  of  20  X 
10“'’  was  obtained  from  the  test  on  well  Bt-29. 

At  well  i\Ir-1184  transmissibilities  of  4,000  gpd  per  ft  and  8,000  gpd 
per  ft  were  obtained  for  the  uiiper  and  lower  members.  The  formation 
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was  jicnetrated  comi)leti‘ly  hy  the  well.  Churn-drill  samples  show  that 
the  upper  member  is  composed  of  19  feet  of  loosely  cemented  medium- 
grained  quartz  sand.  They  show  also  that  the  lower  member  is  composed 
of  34  feet  of  fine-grained  (juartz  sand,  which  is  well  cemented  in  the 
lower  15  feet.  Brine-tracing  techniques  show  this  lower  15  feet  to  be 
relatively  imjiermeable.  Well  lMr-19,  about  0.3  mile  southeast  of  well 
lMr-1184,  jienetrates  43  feet  of  sandstone  of  the  Connoquenessing  Forma- 
tion, which  has  a transmissibility  of  8,000  gpd  per  ft, 

Transmissibility  of  the  formation  at  wells  Bt-28  and  Bt-29  is  7,000 
gpd  jier  ft.  Although  several  permeable  zones  were  encountered  in 
drilling  well  Bt-29,  according  to  the  driller’s  record,  all  of  them — except 
one  in  the  bottom  15  feet  of  the  well — were  cased  off.  Thus,  the  trans- 
missibility and  storage  are  based  on  only  the  lowest  zone.  At  well  l\Ir-526, 
2.5  miles  north  of  wells  Bt-28  and  Bt-29,  a transmissibility  of  about 
1,000  gpd  per  ft  was  obtained  for  the  combined  Connoquenessing  and 
Burgoon  Formations.  At  well  Bt-25,  1 mile  southeast  of  wells  Bt-28 
and  Bt-29,  the  formation  was  shown  (by  brine-tracing  experiments)  to 
be  relatively  imjiermeable. 

The  above  results  show  that  very  good  agreement  may  be  obtained 
for  two  wells  that  are  very  close  together,  such  as  wells  lMr-1184  and 
Mr-19  or  wells  Bt-28  and  Bt-29.  However,  at  distances  of  more  than 
1 mile  the  aquifer  characteristics  may  change  greatly. 

Reported  yields  also  have  a wide  range.  The  yields  ranged  from  3 
gpm  (at  unknown  drawdown)  to  that  of  a well  which  flowed  an  esti- 
mated 300  gpm. 

Mercer  Formation. — Reported  yields  are  available  for  12  wells  in  the 
Mercer  Formation.  The  yields  range  from  2.5  to  125  gpm  and  the  median 
yield  is  13  gpm.  The  amount  of  drawdown  and  duration  of  pumping  are 
not  known. 

A puinjung  test  was  made  on  well  La-117;  the  transmissibility  obtained 
from  this  test  was  100  gpd  per  ft  and  the  permeability  wuas  5 gpd  per  ft“. 

Homewood  Formation. — Determinations  of  the  transmissibility  of  the 
Homewood  Formation  were  made  at  10  wells.  The  transmissibility 
ranged  from  100  to  600  gjul  i^er  ft  at  seven  of  the  wells  and  was  2,000 
gixl  per  ft  at  well  ]\Ir-684,  5,000  gi)d  per  ft  at  well  Mr-791,  and  10,000 
gpd  per  ft  at  well  Mr-526.  The  range  of  permeability  was  narrow  (6  to 
20  gpd  iier  ft-),  except  at  well  i\Ir-526  where  the  permeability  was  400 
gild  per  ft-.  Reported  yields  for  38  wells  ranged  from  6 to  30  gpm,  except 
for  1 well  that  was  reported  to  yield  500  giun.  The  median  yield  reported 
is  20  gpm.  The  hydraulic  properties  of  the  Homewood,  therefore,  appear 
to  be  fairly  uniform,  suggesting  that  the  unusually  high  transmissibilities 
may  reflect  local  conditions  that  are  related  to  the  well  rather  than  to 
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the  aquifer.  One  possible  explanation  of  the  few  high  transmissibilities 
could  be  vertical  recharge  (around  the  casing  of  these  wells)  from  the 
overlying  formations,  as  the  Homewood  is  overlain  at  most  of  these 
wells  by  deposits  of  sand  and  gravel. 

Clarion  Formation. — Pumping  tests  were  made  on  5 wells  in  the  Clarion 
Formation.  The  transmissibility  ranged  from  3,000  to  20,000  gpd  per  ft., 
excei)t  at  well  iMr-545  where  it  was  400  gpd  per  ft.  The  low  transmiss- 
ibility at  well  i\Ir-o45  may  possibly  be  attributed  to  the  shaly  character 
of  the  Clarion  in  the  vicinity  of  this  well. 

It  is  difficult  to  understand  why  sandstone  such  as  that  in  the  Clarion, 
which  is  comjmsed  of  angular,  fine-grained  quartz  and  an  abundant  clay 
matrix,  should  be  a better  aquifer  than  the  sandstone  of  the  Homewood 
Formation,  which  is  made  up  of  well  rounded,  medium-grained  quartz 
and  only  minor  amounts  of  clay.  The  best  explanation  seems  to  be  that 
the  Clarion  Formation  is  more  highly  fractured  than  the  Homewood 
Formation. 

Reported  yields  are  available  from  18  additional  wells.  Half  of  these 
wells  tap  sandstone  aquifers  and  the  other  half  tap  shale  aquifers.  The 
yield  of  wells  in  the  sandstone  ranges  from  8 to  150  gpni,  and  the  yield  of 
wells  in  shale  ranges  from  less  than  3 to  36  gpm.  However,  wells  in  both 
rock  types  have  a median  yield  of  15  gpm. 

Vanport  Limestone. — Hydraulic  data  for  this  formation  are  available 
from  only  well  Bt-83,  which  is  reported  by  the  driller  to  yield  18  gpm. 

Kittanning  Formation. — A coefficient  of  transmissibility  w-as  obtained  for 
only  one  well  in  the  Kittanning  Formation — well  La-485,  which  pene- 
trates sandstone  in  the  lower  member.  The  transmissibility  was  800  gpd 
ircr  ft. 

Rejiorted  yields  from  driller’s  records  are  available  for  18  additional 
wells.  Ahelds  from  11  wells  ]ienetrating  sandstone  range  from  5 to  30 
gjim;  the  median  yield  is  10  gpm.  A’ields  from  6 wells  in  shale  range 
from  7 to  50  gpm;  the  median  yield  is  15  gpm. 

No  data  are  available  concerning  the  hydraulic  properties  of  the  middle 
or  uj^iier  members. 

Freeport  Formation'.. — No  data  w'cre  available. 

Illinoian  deposits. — No  data  were  available. 

Kent  end  moraine. — Pumping  tests  were  made  on  7 wells.  The  trans- 
missibilities ranged  from  100  to  8,000  gpd  per  ft,  although  most  of  them 
were  between  500  and  2,000  gpd  per  ft.  Reported  yields  on  7 wells 
ranged  from  10  to  30  ginn,  and  1 w^ell  flowed  at  the  rate  of  5 gpm. 

Kent  ground  moraine. — No  data  available. 
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Kent  outwash. — Pumping  tests  were  made  on  wells  La-130,  iMr-701,  and 
i\lr-752,  from  which  transmissibilities  of  300,  8,000  and  400  gi)d  per  ft 
were  obtained.  Recharging  linnndaries  were  encountered  at  wells  La-130 
and  i\Ir-752  shortly  after  the  test  began,  which  greatly  increased  the 
yields.  Conversely,  a discharging  boundary  was  encountered  at  well 
Mr-701  soon  after  the  test  began.  The  yields  of  8 other  wells  ranged 
from  10  to  20  gi)m;  the  median  yield  was  11  gpm. 

Recent  alluviinn. — Reported  yield  of  3 wells  are  available;  well  iMr-519 
flows  at  80  gpm,  well  Mr-986  yields  5 gpm,  and  well  Mr-1143  yields  20 
gpm. 

Water  use 

In  1960,  large  amounts  of  ground  water  were  utilized  in  the  IMercer 
quadrangle  by  Grove  City,  Pa.,  the  Cooper-Bessemer  Co.  (at  Grove 
City),  Slippery  Rock,  Pa.,  and  the  Slippery  Rock  State  Teachers  College. 
Small  amounts  were  used  for  domestic  and  stock-watering  purposes. 

The  inventory  of  wells  in  the  quadrangle  provides  a sufficiently  rep- 
resentative sam])le  to  iiermit  a rough  estimate  of  the  relative  importance 
of  the  several  aquifers  as  sources  of  ground-water  supply.  The  following 
table  shows  the  percentage  of  total  wells  inventoried  that  tap  each 
aquifer.  Unconsolidated  rocks  and  the  Homewood  Formation  are  the 
sources  of  water  for  about  half  of  the  wells. 


Aquifer  Percent  of  wells 

Recent  alluvium  1.5 

Kent  ground  moraine 2.3 

Kent  end  moraine  11.9 

Kent  outwash  9.7 

Kittanning  Formation,  middle  member  1.5 

Kittanning  Formation,  lower  member  6.3 

Vanport  Lime.stone  2.3 

Clarion  Formation  9.4 

Homewood  Formalion  23.9 

Mercer  Formation  3.7 

Connoquenessing  Formation,  upper  member  6.4 

Connoquene.ssing  Formation,  middle  member  0.4 

Connorpienessing  Formation,  lower  member  2.3 

Connoquenessing  Formation,  undifferentiated  3.8 

Burgoon  Sand.stone  1.4 

Hempfield  Shale  0.4 

Shenango  Formation  0.1 

Unidentified  12.7 


Total  100.00 


GEOCHEMISTRY  OF  THE  GROUND  WATER 

LABORATORY  ANALYSES 

Chemical  analyses  of  water  from  72  wells  in  the  Mercer  quadrangle 
were  made  by  the  U.  S.  Geological  Survey.  They  are  tabulated  in  Table 
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4.  The  samples  analyzed  include  14  from  glacial  or  recent  dejiosits,  4 
from  the  Kittanning  Formation,  1 from  the  Vanport  Limestone,  6 from 
the  Clarion  Formation,  16  from  the  Homewood  Formation,  3 from  the 
Mercer  Formation.  13  fi'om  the  Connof|nenessing  Formation,  3 from 
formations  of  Mississippian  age,  and  12  from  wells  in  which  the  acpiifer 
was  unknown. 

The  dissolved-solids  content  of  the  samples  ranged  from  69  to  1,370 
ppm  (parts  per  million);  in  more  than  70  percent  of  the  samples,  how- 
ever, it  ranged  from  100  to  300  ppm.  The  samples  having  both  the  lowest 
and  the  highest  dissolved-solids  content  were  obtained  from  wells  pro- 
ducing from  glacial  deposits.  The  most  dilute  sample  came  from  a 
shallow  dug  well  i\Ir-28  and  is  believed  to  consist  of  water  derived  from 
rainfall  in  the  immediate  vicinity.  The  most  concentrated  sample  was 
obtained  from  well  iMr-706  in  a deep  buried  valley.  It  is  high  in  sodium 
( 480  ppm ) and  chlorirle  ( 620  ppm  i and  iirobably  reflects  discharge  into 
the  glacial  dejiosits  from  a deeply  buried  bedrock  a([uifer. 

Of  14  other  wells  whose  water  contains  more  than  300  ppm  dissolved 
solids,  3 contain  larger-than-average  amounts  of  sodium  (23  ppm)  and 
chloride  (19  ppm),  and  the  remainder  have  larger  than  average  con- 
centrations of  sulfate  (o7  ppm)  and,  usually,  of  iron.  The  occurrence 
of  sodium  and  chloride  in  the  ground  water  of  most  sedimentary  rocks 
is  jiart  of  the  normal  geochemical  cycle  and  is  discussed  lielow.  Sulfate 
and  iron  may  be  considered  as  a special  jiart  of  the  cycle,  peculiar  to 
rocks  of  this  type;  they  are  discussed  later,  in  a separate  .section. 

Geochemical  Cycle.. — The  chemical  analyses  have  been  jilotted  in  Figures 
17-21.  These  figures  were  prepared  by  plotting  the  percent  ei)m  (eciuiva- 
lents  per  million)  of  the  cations  and  anions  separately  in  the  small 
triangles  in  the  lower  part  of  each  figure.  The  cation  and  anion  plots 
were  then  e.xtrapolated  to  the  diamond-shape  field  to  form  a single  point 
representing  the  composition  of  the  dissolved  material  of  that  sample. 

The  points  in  Figure  17  reju'esent  the  analyses  of  water  flowing  from 
some  of  the  abandoned  oil  and  gas  wells  in  the  fiercer  cpiadrangle,  plus 
one  analysis  of  sea  water  and  two  of  Mississip[)ian  brines  from  Butler 
and  Lawrence  Counties  in  areas  adjacent  to  the  Mercer  quadrangle. 
These  last  three  waters  (points  9,  10,  11)  are  natural  solutions,  chiefly 
of  sodium  and  chloride  ions,  that  are  included  for  convenient  reference. 

All  of  these  abandoned  wells  are  jiartially  jilugged,  so  that  it  is  not 
possible  to  determine  the  source  of  the  water.  Despite  the  lack  of  data 
on  their  source,  some  of  the  samples  do  furnish  worthwhile  information. 

The  samples  from  wells  Bt-44,  Bt-66,  and  Mr-oH  are  considerably 
different  from  most  of  the  others  in  that  more  than  60  percent  of  their 
cation  content  is  sodium,  and  2 of  the  samples  ar(‘  more  sodic  than  the 
sea  water  or  the  brines.  The  chloride  content  ranges  from  37  to  55 
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ph  showing  chemical  analyses  af  water  from  the  Homewood  Formation. 
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j)ei’cent  of  the  anions  (in  cinn).  Despite  this  l)riny  character,  the  dis- 
solved-solids  content  is  closer  to  that  of  fresli  water  than  to  that  of  the 
sea  water  or  the  oil-  and  gas-field  brines.  The  dissolved-solids  content 
of  the  3 samples  ranges  from  231  to  689  ppm. 

The  analyses  of  water  from  rocks  ranging  in  age  from  the  Hempfield 
Shale,  of  Mississippian  age,  to  the  iNIercer  Formation,  of  Pennsylvanian 
age,  are  plotted  in  Figure  18.  The  analyses  show  a great  range  in  per- 
centage of  epms  of  the  various  chemical  constituents  and  a notable 
relation  between  age  and  cation  composition.  Water  from  the  oldest  rocks 
(points  10,  17,  and  19|  tends  to  be  more  sodic  than  that  from  the  younger 
rocks  (points  1,  2,  and  6),  although  reversals  in  trend  are  present  (points 
3 and  18).  Also,  the  magnesium-calcium  ratio  of  the  water  decreases  as 
the  age  of  the  host  rock  increases. 

The  prerlominant  anion  in  most  samples  is  bicarbonate,  although  some 
samples  contain  large  amounts  of  sulfate;  for  example,  the  sulfate  content 
of  the  water  from  well  Mr-722  is  67.08  percent  of  the  anions  (in  epm). 
Chloride  exceeds  10  i)ercent  of  the  anions  (in  ejun)  only  in  water  from 
wells  Bt-67  (18.18  percent)  and  La-533  (28.01  percent).  The  nitrate 
content  of  the  sample  from  well  iMr-698  is  12.00  percent  of  the  anions 
(in  epm). 

Only  wells  La-533  and  La-638  yielded  water  containing  more  than 
300  ppm  dissolved  solids.  Part  of  the  high  dissolved-solids  content  of 
the  water  from  well  La-533  is  due  to  a relatively  large  amount  of  chloride 
( 66  i)pm ) and  part  of  the  high  dissolved-solids  content  of  the  water  from 
well  La-638  is  due  to  a relatively  large  amount  of  sulfate  (136  ppm). 

Analyses  of  water  from  the  Homewood  Formation  are  plotted  in  Figure 
19.  These  analyses  show  much  less  range  in  composition  than  those  in 
previous  figures.  The  sodium  content  of  these  samples  is  less  than  10 
])erccnt  of  the  cations  (in  epm)  in  all  samples.  Chloride  is  present  in 
amounts  less  than  2 jiercent  of  the  anions  (in  epm)  in  most  samples  and 
exceeds  5 i)ercent  in  water  from  well  Mr-57  only;  in  well  Mr-57,  it  is 
15.18  percent.  Sulfate  reaches  its  maximum  of  95.31  percent  of  the  anions 
(in  epm)  in  well  Mr-684.  The  water  of  this  well  also  contained  33  ppm 
of  iron,  which  was  11.06  percent  of  the  anions  (in  e])m).  Nitrate  is 
locally  abundant — -Jor  exami)le,  in  well  Mr-777  the  nitrate  content  is 
13.51  ])ercent  of  the  anions  (in  epm). 

Analyses  of  water  from  the  Clarion  Formation,  Vanport  Limestone, 
and  Kittanning  Formation  are  ])lotted  in  Figure  20.  These  analyses  differ 
little  from  those  of  the  Homewood  Formation  except  that  they  lack  the 
high  concentrations  of  sulfate.  The  water  of  well  Bt-98  contains  an 
anomalously  high  chloride  concentration  (29  ppm). 

Analyses  of  water  from  the  glacial  and  recent  sediments  are  plotted 
in  Figure  21.  This  water  ranges  widely  in  concentration  and  composition, 


GEOCHEjMISTKY 


( i 


CL 

o 

6 


Limestone,  and  Clarion  Formation. 


78 


MERCKR  QUADRAN GLE 


Graph  showing  chemical  analyses  of  water  from  unconsoli doted  deposits. 


Dissolved  solids, in  ports  per  million 


GEOCHEMISTRY 


79 


reflecting  the  fact  that  over  much  of  the  quadrangle  these  sediments  con- 
tain water  that  comes  from  the  underlying  bedrock. 

Above-average  nitrate  concentrations  for  the  area  (2.2  ppm)  are  present 
in  wells  iMr-28,  iMr-552,  ]\Ir-o78,  iMr-588,  i\Ir-690,  and  iMr-785.  The 
nitrate  content  ranges  from  1.94  to  18.36  percent  of  the  anions  (epm). 

To  obtain  some  understanding  of  how  this  water  acquired  its  chemical 
character,  it  is  necessary  to  know  something  of  the  chemical  changes 
that  take  place  in  water  as  it  passes  through  the  subsurface  part  of  the 
hydrological  cycle.  Precepitation,  at  it  falls  on  the  earth’s  surface,  con- 
tains little  dissolved  material  other  than  a small  amount  of  oxygen, 
oxides  of  nitrogen,  and  carbon  dioxide,  though  within  the  soil  zone  the 
water  acquires  additional  carbon  dioxide.  The  dissolved  carbon  dioxide 
enables  the  water  to  dissolve  calcium  and  magnesium  carbonates  (plus 
small  amounts  of  other  minerals)  and  become,  typically,  a calcium  and 
magnesium  bicarbonate  water. 


Figure  22.  Graph  showing  relation  of  field  conductivity  to  dissolved  solids. 

As  the  water  percolates  downward,  the  dissolved  solids  continue  to 
increase.  However,  as  noted  earlier,  the  dissolved  solids  do  not  exceed 
300  ppm  excejit  where  sizable  amounts  of  chloride  or  sulfate  are  present. 

As  the  meteoric  water  moves  downward  it  displaces  (flushes)  the  water 
jiresent  in  the  rocks  at  the  time  of  their  deposition.  Because  the  water 
originally  present  jirobably  was  sea  water,  rocks  in  which  the  flushing 
is  incomplete  can  be  expected  to  contain  water  resembling  sea  water. 
For  example,  some  of  the  abandoned  oil  and  gas  wells  shown  in  Figure 
17,  such  as  wells  Bt-44,  Bt-65  and  lMr-517,  contain  brackish  water. 
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The  chloride  is  readily  removed  by  circulating  ground  water,  but  the 
sodium  is  more  difficult  to  remove  because  much  of  it  is  adsorbed  on  the 
clay  in  the  rocks.  The  sodium,  therefore,  persists  longer  than  the  chloride. 
Ion  exchange  between  the  clay  and  the  constituents  of  the  flushing  water 
is  believed  to  be  the  cause  of  the  high  sodium  content  of  the  samples  from 
wells  Bt-44  and  Bt-65. 

If  the  surface  of  the  Mercer  quadrangle  were  a level  plain  underlain 
by  horizontal  strata  of  uniform  permeability  and  thickness,  at  some 
elevation  above  points  of  discharge  there  would  be  a perfect  correlation 
between  the  composition  of  the  dissolved  solids  in  the  ground  water  and 
both  the  age  of  the  different  strata  and  their  depth  below  the  surface. 
However,  this  is  not  true,  and  a less-than-perfect  correlation  exists  be- 
cause the  composition  of  the  dissolved  solids  is  influenced  strongly  by 
the  pattern  of  circulation  described  in  the  section  on  hydrology  and 
by  the  jmesence  of  fractures  that  make  some  areas  much  more  permeable 
than  others.  The  pattern  of  circulation  results  in  a deeper  flushing  of 
the  rocks  beneath  the  hills  than  beneath  the  valleys,  where  the  general 
movement  of  water  is  upward.  The  compo.sition  of  the  dissolved  solids 
in  water  from  wells  Bt-29  and  Mr-533  reflect  this  upward  movement  of 
the  water. 

The  composition  of  the  dissolved  solids  may  be  affected  also  by  heavy 
pumping  in  an  area.  For  example,  although  both  wells  Mr-390  and 
iMr-947  penetrate  the  Burgoon  Sandstone,  well  Mr-390  (an  isolated  well 
near  the  southern  edge  of  Grove  City)  yields  water  more  characteristic 
of  Mississippian  rocks  than  does  well  Mr-947,  which  is  in  the  heavily 
pumped  Grove  City-Cooper-Bessemer  well  field.  Presumably,  the  heavy 
pumping  has  resulted  in  a large  amount  of  flushing  so  that  the  water  from 
well  Mr-947  is  less  sodic  than  that  from  -well  Mr-390.  Both  wells  have 
the  same  dissolved-solids  content  of  240  ppm. 

Occurrence  oj  iron  and  sulfate. — Determinations  of  iron  content  were 
made  on  69  samples.  The  iron  content  ranged  from  nondetectable  con- 
centrations in  two  samjfles  from  the  Connoquenessing  Formation  (wells 
Bt-13  and  iMr-19)  to  33  ]ipm  in  a sample  from  the  Homewood  Formation 
(well  i\Ir-684).  About  half  the  samjfles  contained  less  than  1 ppm  iron 
and  over  three-fourths  contained  less  than  3 ppm  iron. 

The  15  samples  that  contained  3 ppm  or  more  of  iron  were  taken 
from  wells  i')enetrating  the  Connorjucnessing,  Mercer,  Homewood,  and 
Kittanning  Formations,  in  widely  separated  parts  of  the  quadrangle. 

Iron  in  the  water  is  probably  derived  chiefly  from  the  oxidation  of 
l)yrite  or  marcasite,  which  occurs  either  in  masses  interbedded  with 
overlying  coal  or  finely  disseminated  in  the  strata  overlying  the  coal. 
Newhouse  (1927,  p.  73)  states  that  iron  sulfide  occurs  more  commonly 
as  marcasite  in  coal  and  as  pyrite  in  other  sedimentary  rocks.  The 
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amount  of  iron  in  the  well  water  may  vary  with  time  or  inimping  rate 
and  is  due  to  such  factors  as  the  Eh,  ])II,  carhon  dioxide,  and  sulfur  con- 
tent of  the  solution.  Eh  (a  mea>urement  of  the  oxidizing  or  reducing 
potential  of  the  solution)  is  especially  important,  and  Hem  (1960,  p.  71) 
reports  that  an  increase  of  about  0.02  volts  at  constant  pll  may  result 
in  a change  in  the  solulhlity  of  ferrous  iron  from  0.01  iipm  to  100  ppm. 
In  aerated  water  having  an  Eh  of  about  0.40  volts,  the  iron  will  be 
deposited  as  the  oxide  or  hydroxide.  The  solulhlity  of  the  iron  varies 
inversely  with  the  pH,  which  is  a measurement  of  the  acidity  of  the 
solution  (acidity  decreases  as  the  j)!!  increases).  Carbon  dioxide  in  solu- 
tion acts  to  control  iron  solubility  by  its  effect  on  the  pH  and  by  the 
formation  of  chemical  complexes  with  the  iron.  Sulfur,  chiefly  in  its 
reduced  form,  effects  the  iron  solubility  by  removing  the  iron  from  the 
solution  as  the  sulfide. 

The  i)roblem  is  further  complicated  by  the  fact  that  a well  may  receive 
water  from  zones  not  in  chemical  equilibrium  with  one  another.  If  this 
water  is  then  removed  from  the  well  before  equilibrium  is  established, 
unusual  effects — such  as  the  presence  of  iron  in  solution  with  free  sulfide 
ions — may  be  noted.  (See  Hem,  1960,  67.) 

Determinations  of  sulfate  were  made  on  72  samifles.  The  sulfate 
ranged  from  nondetectable  concentrations  in  three  abandoned  oil  or 
gas  wells  having  unidentified  aquifers  (wells  Bf-44,  Bt-56,  and  i\Ir-538) 
to  451  ppm  in  the  Homewood  Formation  (well  iMr-684).  About  half 
the  samples  contained  less  than  25  ppm  sulfate,  and  more  than  three- 
fourths  contained  less  than  50  pi)m  sulfate.  The  sulfate  content  was  more 
than  100  ppm  in  11  samples,  most  of  which  were  from  the  Homewood 
Formation. 

Like  iron,  the  sulfate  is  derived  chiefly  from  the  oxidation  of  pyrite, 
although  IMoore  (1940,  p.  49)  i)oints  out  that  organic  sulfur  may  run  as 
high  as  3 percent  in  some  coals.  Because  of  the  complex  environment  in 
which  the  iron  and  sulfate  ions  exist  in  nature,  a high  concentration  of 
one  in  a solution  would  not  necessarily  be  accompanied  by  a high  con- 
centration of  the  other. 

Place  in  the.  geochemical  cj/cle. — Iron  sulfide  is  atfacked  l)y  oxygenated 
water,  as  follows: 

FeSo  + HoO  + 3VH  L ^ Fe+-  -f  2IF^i  + 2SO4-" 

The  increased  acidity  resulting  from  this  reaction  facilitates  the  solution 
of  other  minerals  jn’esent  in  the  rocks.  If  no  further  oxidation  occurs, 
the  iron  will  eventually  be  flushed  from  the  system.  However,  if  the 
iron  undergoes  further  oxidation — to  ferric  iron — it  will  generally  be 
precipitated  and  form  a coating  of  oxide  on  the  mineral  grains  of  the 
rock,  helping  to  cement  the  grains  together  and  acting  to  reduce  the 
porosity  and  iiermeability  of  the  rock.  A return  to  reducing  conditions 
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may  rcdissolvc  the  iron;  hut,  more  likely,  as  Hem  (1960,  p.  72)  points 
out,  the  ii'on  will  remain  as  a coating  on  the  grains. 

The  sulfate  ion  may  be  flushed  out,  it  may  be  precipitated — as  when 
it  reacts  with  calcium  to  form  gypsum — or  it  may  l)c  attacked  by  sulfate- 
reducing  bacteria  in  the  deeper  parts  of  the  system  and  returned  to 
sulfide.  As  the  sulfide,  it  may  Ire  liberated  from  the  system  as  gaseous 
hydrogen  sulfide  or  it  may  be  precipitated,  perhaps  as  iron  sulfide. 

The  quality  of  ground  water  in  the  bedrock  is  related  to  the  present 
environment  and  circulation  history  of  the  water  and  to  the  environment 
in  which  the  sediments  were  deposited.  Quiet  water,  having  restricted 
circulation  and  a deficiency  in  oxygen,  is  one  of  the  reejuisites  for  the 
formation  of  iron  sulfide.  In  such  an  environment,  decaying  vegetation 
forms  methane,  which,  with  the  aid  of  anaerobic  bacteria,  reacts  with  the 
sulfate  present  to  reduce  it  to  sulfide.  If  the  water  is  shallow  enough 
and  the  supply  of  sediments  small,  a peat  bog  may  develop,  and  the  iron 
sulfide  will  be  found  in  the  jieat,  or  in  the  resultant  coal. 

The  growth  of  coal-forming  plants  is  inhibited  in  deep  water,  and  the 
sediments  deposited  there,  , under  reducing  conditions,  contain  dissemi- 
nated iron  sulfides.  Such  sediments  are  generally  dark  gray  to  black, 
owing  to  the  presence  of  sidfides  and  finely  macerated  organic  matter. 

Sediments  deposited  in  well-oxygenated  water  will  be  free  of  iron  sul- 
fides, and  the  ground  water  that  they  contain  will  be  correspondingly 
low  in  these  constituents  except  where  it  has  been  contaminated  from 
other  sources. 

The  influence  of  the  environment  of  deposition  is  shown  best  in  the 
iMcrcer  fpiadrangle  by  the  Clarion  Formation.  The  oxidizing  conditions 
that  lu’cvailed  in  the  southeastern  jrart  of  the  area,  where  fluvial  sands 
of  the  Clarion  were  laid  down,  are  responsible  for  water  low  in  iron, 
sucli  as  that  from  station  31.  Northward  and  westward,  as  in  the  vicinity 
of  w'ell  i\Ir-684,  sulfides  deposited  under  the  reducing  conditions  present 
at  the  time  the  Bi'ookville  coal  was  forming  are  the  source  of  the  iron 
in  the  water  in  the  undeidying  Homewood  Formation.  Still  farther  north- 
westward (as  in  the  vicinity  of  well  Mr-716)  where  the  reducing  condi- 
tions extended  to  the  Clarion  sediments,  overlying  the  Brookville  coal, 
the  iron  contamimation  extends  to  the  water  in  the  Clarion  Formation. 

Effect  on  voter  use. — More  than  0.3  ]rpm  of  iron,  0.05  ppm  manganese, 
or  250  pi)m  sulfate  in  drinking  water  is  considered  undesirable  by  the 
F.  S.  Public  Health  Service  (1961).  In  the  fiercer  quadrangle,  15  of  the 
68  samples  analyzed  for  iron  and  manganese  and  68  of  the  72  samples 
analyzed  for  sulfate  met  these  standards. 

Xltrnte. — The  nitrate  content  of  the  water  in  the  Mercer  quadrangle 
ranges  from  nondetectable  concentrations  to  35  ppm,  although  more  than 
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three-fourths  of  the  samples  contain  less  than  1 ppm.  Of  the  17  samples 
having  more  than  1 ppm,  11  rvere  from  unconsolidated  rocks  or  from 
bedrock  that  is  oveidain  directly  by  unconsolidated  rocks.  The  presence 
of  nitrate  in  above-average  amounts  in  areas  that  are  under  cultivation 
suggests  strongly  that  the  nitrate  may  be  derived  from  fertilizer  that 
has  been  added  to  the  fields.  As  the  nitrate  ion  is  stable  and  forms 
soluble  comi)ounds  with  most  cations,  it  is  not  apt  to  be  removed  from 
solution  except  by  nitrogen  fixation  by  ]dants.  Any  amount  beyond  that 
needed  immediately  by  the  ])lants,  therefore,  would  be  readily  carried 
downward,  by  infiltrating  ju’ecipitation,  to  the  ground  water.  The  nitrate 
might  also  be  exiiected  to  continue  downward  to  the  deeper  acpiifers. 

FIELD  ANALYSES 

In  addition  to  the  samples  that  were  analyzed  in  the  laboratory,  407 
samjiles  from  362  wells  were  analyzed  in  the  field.  Determinations  of 
pH,  hardness,  and  conductivity  were  made  on  most  samples.  A few  of 
the  wells  were  resampled  at  a later  time,  and  one  or  more  of  these  prop- 
erties were  remeasured.  The  field  analyses  are  summarized  in  the  table 
on  page  84. 

Conductivity.. — The  relation  of  the  field  measurement  of  conrluctivity 
(C)  to  the  dissolved  solids  (S)  determined  in  the  laboratory  (see  Fig. 
22)  was  found,  by  the  least  sfiuarcs  method,  to  be 

S = 0.5734  0 - 9.15 

The  closeness  of  the  relationship  is  indicated  by  the  coefficient  of  correla- 
tion, which  is  0.979. 

Because  of  the  close  correlation  between  field  conductivity  measure- 
ments and  the  dissolved  solids  of  the  sami)les,  the  conductivities  of  the 
water  can  be  used  to  estimate  the  dissolved  solids,  thus,  effectively  ex- 
tending knowledge  of  the  dissolved  solids  of  the  water  of  the  fiercer 
quadrangle  from  72  wells  to  several  hundi'ed  wells. 

In  the  discussion  of  the  laboratory  analyses,  it  was  noted  that  con- 
centrations cf  dissolved  solids  greater  than  300  ppm  were  due,  in  jiart, 
to  excessive  amounts  of  either  chloride  or  sulfate.  Also,  the  chloride  con- 
centrations were  oliserved  to  decrease  directly  as  the  age  of  the  liedrock. 
Excejit  for  the  sample  from  well  La-533,  which  came  from  the  Con- 
noquenessing  Foi'ination,  the  large  concenti'ations  of  chloride  were  shown 
to  be  in  water  from  rocks  of  klississippian  age  or  older.  In  other  words, 
the  high  dissolved  solids  land  high  conductivity  I of  a sample  of  water 
from  a Pennsylvanian  formation  is  pi'obably  due  to  the  presence  of  large 
amounts  of  sulfate. 

Hardness.. — An  increase  in  anion  concentration  is  accompanied,  of  course, 
by  an  increase  in  the  cation  concentration.  Where  chlorides  are  prom- 


Summary  of  field  analyses  of  water  samples  (see  Table  5) 
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ineiit,  so  are  tlie  alkali  metals.  iNIoreover,  an  increase  in  the  sulfate 
content  of  the  water  results  in  a corresiionding  increase  in  calcium  and 
magnesium.  The  concentrations  of  these  alkaline-earth  metals  may  he 
estimated  from  the  hardness  of  the  water.  The  relation  of  the  field  hard- 
ness value  IH)  to  the  combined  concentrations  of  calcium  and  magnesium 
(CiNI)  (sec  Fig.  23)  was  found,  by  the  least  squares  method,  to  be 

CkM  = 5.90  II  + 0.03 
The  coefficient  of  correlation  was  0.919. 


Figure  23.  Graph  showing  relation  of  field  hardness  to  calcium  plus  magnesium. 


pH. — Field  measurements  of  pll  ranged  from  5.3  to  8.3.  About  half 
the  samples  had  a pH  between  7.0  and  7.6,  45  percent  had  a pH  less 
tham  7.0,  and  only  5 percent  had  a pH  of  7.7  or  more.  Similarly,  the 
laboratory  measurements  showed  the  pH  of  about  half  the  samples  to  lie 
between  7.0  and  7.6.  In  contrast  to  the  field  measurements,  however, 
the  pH  of  the  remaining  samples  was  aliout  eriually  distributed  above 
and  below  this  7. 0-7. 6 range.  This  difference  between  field  and  laboratory 
measurements  of  pH  reflects  tlie  eiiuililirium  established  between  the 
several  constituents  in  solution.  If  this  equililiriiim  is  disturbed — as  by 
the  escape  of  carbon  dioxide  from  the  water  because  of  the  relief  of 
confining  pressure  as  the  water  is  pumiied  from  the  well,  or  by  a change 
in  the  water’s  temiieratiire — the  pH  will  change  also. 

Areal  pattern  of  analyses. — Tlie  areal  distribution  of  all  field  conductivity 
measurements  of  the  ground-water  are  plotted  in  Figure  24.  The  data 
were  insufficient  to  jiermit  correlation  of  the  areal  distribution  with  the 
individual  aquifers,  but  they  show  a crude  relationship  to  the  drainage 
pattern  in  the  basins  of  Xeshannock  Creek,  Slijipery  Rock  Creek,  and 
the  northern  jiart  of  Wolf  Creek. 

The  higher  conductivities  become  more  abundant  northwestward,  and 
most  of  them  probably  are  due  to  the  local  oxidation  and  solution  of 
sulfides. 
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Change  of  ivafer  with  time. — ]\Iost  of  the  field  analyses  were  made  in 
the  fall  of  1956,  but  a second  field  analysis  was  made  on  the  water  from 
some  of  the  wells.  The  second  analysis  was  generally  made  when  a 
sample  was  collected  for  laboratory  analysis.  The  results  are  included 
with  the  other  field  analyses  in  Table  5.  The  resampling  in  most  cases 
was  at  one  of  two  times — either  the  following  spring  or  in  the  fall,  1 
year  after  the  original  inventory  of  the  well.  Accordingly,  the  samples 
are  separated  into  these  two  categories. 


Figure  24. 


Map  showing  areal  variation  in  field  conductivity  measurements  of  ground  water 
in  the  Mercer  quadrangle. 
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The  fall-to-spring  group  shows  only  changes  that  are  within  the  limits 
of  experimental  error  of  the  determinations.  By  use  of  Snedecor's  F-test^  a 
significant  change  in  the  conductivity  is  shown  to  be  present  in  the 
fall-to-fall  group. 

^ F = variance  beween  falls 

Total  variance  -^■al■iance  between  falls  -variance  between  sample  pairs 

_ 131^^  _ ~ gg  ^vlpch  exceeds  the  theoretical  F of  6.04  for  1 and  17 
16,772 

degrees  of  freedom  at  the  0.975  probability  level. 

Inspection  of  the  analyses  shows  that  those  samples  showing  a con- 
siderable decrease  in  conductivity  are  from  the  Pleistocene  rocks.  The 
decrease  was  probably  caused  by  recharge  from  precipitation,  shortly 
before  the  samples  were  taken. 

The  cause  of  the  increase  in  conductivity  in  other  samples  is  believed 
to  be  related  to  a deficiency  in  rainfall  during  the  1957  water-year  (Oc- 
tober 1 to  September  30).  The  following  table  shows  precipitation  in 
inches,  by  month,  for  the  1956  and  1957  water  years  at  the  recently 
established  weather  station  at  Slippery  Rock,  Pa.  (See  U.  S.  Department 
of  Commerce,  1955,  1956,  1957.) 


Month 

1956 

1957 

Month 

1956 

1957 

October  

3.72 

0.90 

Mav  

4.80 

3.60 

November  

3.58 

0.99 

.June  

11.07 

3.61 

December  

0.46 

2.95 

Julv  

9.18 

2.25 

Janiiarv 

1 15 

2.07 

.\ueu.«t  

5.26 

1.20 

Febniarv  

6.02 

1.72 

September  

2.85 

3.10 

March  

3.82 

1.69 

April  

5.23 

4.83 

Total  

57.14 

28,91 

If  the  wells  showing  an  increase  in  conductivity  receive  water  from 
several  aquifers  whose  piezometric  surfaces  stand  above  land  surface, 
the  composition  of  the  dissolved  solids  will  be  a function  of  the  amount 
and  character  of  the  water  contributed  to  the  well  by  each  aquifer. 
Furthermore,  if  the  upper  aquifer  is  strongly  influenced  by  local  precipi- 
tation. the  amount  of  water  it  contrilnites  to  the  well  will  decrease  in 
dry  years.  On  the  other  hand,  the  deeper  aquifers  will  be  less  sensitive 
to  local  changes  in  precipitation  and  their  contribution  of  water  to  the 
well  will  be  more  constant.  A local  drought  will,  therefore,  shift  the 
composition  of  the  water  toward  that  of  the  deeper  acpiifers. 

CONCLUSIONS 

Geological. — The  consolidated  rocks  of  the  iNIercer  quadrangle  range  in 
age  from  iNIississippian  to  Pennsylvanian.  They  were  deposited  on  or 
in  the  vicinity  of  deltas  which  grew  northward  and  westward. 
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During  Early  Pennsylvanian  time,  the  area  was  uplifted.  The  ensuing 
erosion  removed  Late  Mississii)j)ian  dejiosits — so  that  when  the  area  was 
submerged,  sediments  were  once  more  carried  into  the  area  from  the 
south  and  southeast  and  were  dejiosited  on  rocks  of  Early  Mississippian 
age. 

As  a result  of  dcj)osition  in  deltaic  environments,  sharp  lateral  and 
vertical  changes  in  the  lithology  of  these  rocks  are  common. 

Sand  was  dejiosited  most  alnindantly  in  the  western  i)art  of  the  area 
and  mud  was  deposited  most  abundantly  in  the  eastern  part.  During 
lithification  the  mud  compacted  more  than  the  sand,  so  that  gentle  folds 
developed. 

Mature  dissection  in  pre-Pleistocene  time  lu-oduced  deep  valleys  whose 
orientation  is  parallel  to  the  strike  of  joints  in  the  area.  These  valleys 
are  now  i)artly  or  completely  filled  with  glacial  materials.  The  form  of  . 
the  valleys  has  been  delineated  from  well  data.  I 

Hydrologic. — The  mature  dissection  of  the  bedrock  divided  the  Mercer  li 
cjuadrangle  into  a number  of  “liydrologic  islands,”  each  with  its  own  a 
pattern  of  grountl-water  circulation.  Precipitation  enters  the  upper  part  i 
of  the  “islands”  and  is  discharged  through  the  outcrop  areas  of  the  aqui- 
fers along  the  ])erimeter  of  the  “islands.” 

Pores  and  fractures  in  the  rocks  arc  important  as  avenues  of  move- 
ment of  the  water.  Cementation  is  irregular  and  has  caused  some 
acpiifers  to  yield  from  only  a few  discrete  zones. 

Determinations  of  transmissihility,  made  from  pumping  tests  of  37 
wells,  range  from  al)out  100  gpd  jier  ft.  to  400,000  gpd  per  ft.  The  highest 
transmissihilities  were  obtained  from  the  Burgoon,  Connoquenessing,  and 
Clarion  Formations. 

The  complc.x  facies  and  fracture  patterns  coml>inc  to  impose  boundary 
conditions  that  limit  the  accuracy  of  the  determinations  of  transmissi- 
hility, because  the  cone  of  influence  of  a pumping  well  may  intersect 
zones  of  greater  or  Ic.^^ser  iiermealjility  as  pmnping  i)rogresses.  This  lack 
of  homogeneity  is  inconsistent  with  conditions  assumed  in  the  method 
for  comi)uting  transmissil)ility. 

(Jeochei)tical. — Most  of  the  ground  water  is  of  the  calcium  and  magnesium  . 
bicarhonat(‘  type,  as  is  normally  developed  in  near-surface  aquifers. 
This  water  is  slowly  flushing  the  deeper  acpiifers  of  the  saline  water 
originally  present.  The  flushing  has  proceeded  farthest  in  areas  of  high 
permeability  and  where  increased  movement  of  water  has  been  induced 
l)y  large  amounts  of  immping,  as  in  the  Grove  City  area. 

The  oxidation  of  iron  sulfides  associated  with  coal  deposits  has  pro- 
duced water  high  in  iron  and  sulfate.  The  occurrence  of  iron  sulfides  in 
the  sediments  is  controlled  by  conditions  in  their  basin  of  deposition. 


REFERENCES 


89 


The  presence  of  iron  and  sulfate  in  tlie  ground  water  today  is  related  to 
the  paleogeography  and  the  pattern  of  circulation  of  the  ground  water. 

Because  conductivity  is  shown  to  bear  a close  correlation  to  dissolved 
solids  and,  similarly,  hardness  is  closely  correlated  to  calcium  and  magne- 
sium combined,  the  measurement  of  conductivity  and  hardness  in  the  field 
furnish  an  easy  and  inexpensive  method  of  partially  appraising  the 
chemical  character  of  the  water.  The  areal  pattern  of  conductivity  shows 
a crude  relationship  to  the  surface  drainage.  Measurement  of  the  con- 
ductivity at  selected  wells  1 year  after  the  initial  sampling  showed  a 
change  in  water  quality  that  appeared  to  be  related  to  a deficiency  in 
rainfall  during  the  intervening  time. 
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Tables  3 to  6 
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Table  5.— Field  analyses  of  ground  water 


Recent  Alluvium 


Well 

Number 

pH 

Hardne.ss  Speeifir 

fin  grain=:  (niicr 

per  gallon)’ 

(’onducfanne 
omliop  at 
25°C) 

Date 

of  collection 

Mr-544 

5.4 

8 

270 

0-  8-56 

571 

6.1 

12 

0-11 -.56 

597 

6.8 

14 

430 

0-18-56 

658 

5.6 

5 

100 

0-24-.56 

705 

5.7 

7 

270 

10-19-.56 

704 

7.3 

12 

440 

10-2.5-57 

Kent  Ground  Moraine 

La -462 

7.2 

5 

280 

0-10-.56 

Mr-528 

13 

400 

8-15-.56 

528 

7.4 

4-15-.57 

520 

6.5 

8 

220 

8-15-.56 

530 

7.8 

13 

425 

8-23-56 

650 

5.5 

6 

200 

8-24-.56 

603 

5.5 

5 

230 

10-18-.56 

721 

7.1 

14 

570 

10-23-.56 

755 

6.8 

15 

560 

10-27-.56 

785 

6.3 

7 

260 

10-31 -.56 

785 

5.0 

3 

150 

4-16-57 

Kent  End  Moraine 

I>a-473 

6.7 

0 

380 

0-20-.56 

476 

6.7 

14 

500 

0-21 -.56 

483 

6.8 

7 

270 

12-  6-.56 

402 

7.4 

14 

460 

12-13-.56 

502 

6.2 

0 

425 

5-  8-57 

511 

7.3 

20  1 

.000 

5-  0-57 

516 

7.4 

15 

530 

.5-10-.57 

517 

7.8 

12 

380 

.5-10-.57 

518 

6.2 

4 

100 

.5-10-.57 

525 

7.8 

13 

3.50 

.5-11-.57 

528 

7.5 

12 

380 

.5-11-.57 

670 

7.4 

10 

205 

6-  3-.58 

720 

11 

400 

6-  4 -.58 

Mr-  21 

5.5 

3 

160 

28 

5.5 

3 

115 

-56 

540 

5.0 

10 

360 

0-  8-56 

550 

5.0 

10 

.340 

0-  8-.56 

550 

7.6 

0 

360 

10-27-.57 

554 

5.6 

14 

550 

0-10-.56 

556 

5.7 

12 

4.50 

0-10-.56 

562 

6 1 

11 

380 

0-10-.56 

564 

5.3 

6 

260 

0-11 -.56 
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Table  5.— Field  analyses  of  ground  water— Continued 


Kent 

End  Moi'aine- 

—Continued 

Well 

Number 

pH 

Hardness 
( in  ^I'ains 
l)er  Knllon)’ 

Specific  coniluctance 
( inici  omhos  af 

25°  C) 

Date 

of  colled  ion 

Mr-572 

6.1 

9 

350 

9-11 -.56 

578 

6.0 

500 

9-1 2-, 56 

578 

7.2 

12 

550 

4-16-57 

580 

5.8 

10 

370 

9-12-.56 

583 

7.2 

16 

550 

9-1.3-.56 

584 

5.5 

8 

320 

9-13-.56 

588 

5.5 

4 

1.50 

9-13-.56 

588 

6.4 

4-16-57 

681 

5.3 

5 

200 

10-16-.56 

682 

7.0 

520 

10-16-.56 

682 

7.1 

4-16-.57 

685 

5.5 

5 

200 

10-17-.56 

690 

5.6 

5 

170 

10-17-.56 

690 

6.8 

5 

106 

10-27-57 

730 

7.5 

14 

460 

10-2.5-.56 

741 

6.8 

11 

5.50 

10-25-56 

754 

n 

O 

1.800 

10-27-56 

756 

7.2 

IS 

580 

10-27-56 

758 

7.2 

16 

500 

10-27-56 

759 

7.2 

10 

470 

10-27-56 

759 

7.5 

1.50 

10-25-57 

760 

7.2 

11 

370 

10-27-56 

761 

7.6 

12 

320 

10-27-56 

769 

7.6 

10 

375 

10-29-.56 

769 

7.4 

9 

375 

10-27-57 

771 

7.4 

7 

300 

10-29-.56 

775 

7.3 

15 

575 

10-30-56 

778 

7.9 

11 

360 

10-30-.56 

780 

7.7 

9 

320 

10-30-.56 

783 

6.8 

6 

230 

10-30-56 

783 

6.2 

6 

200 

10-27-57 

784 

4 

1.50 

10-30-56 

798 

15 

.550 

11-  1-.56 

Kent  ( )utwash 


I.,a-465 

6.1 

5 

260 

9-19-.56 

478 

6,1 

2 

60 

9-21-56 

482 

7 .7 

10 

320 

11-27-56 

488 

5.0 

4 

260 

12-1.3-.56 

499 

7.5 

730 

5-  8-57 

500 

o 

/ ..) 

11 

610 

5-  8-57 

.501 

7.7 

7 

1.50 

5-  8-57 

.504 

6.7 

1.5 

1 .000 

5-  8-57 

523 

7.5 

1.5 

150 

5-1 1-57 

524 

7.4 

12 

370 

.5-11-57 
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Table 

5.— Field  an 

alyses  of  ground  water— Continued 

Kent  Oiitwash— 

-Continued 

^Well 

X urn  her 

pH 

Hardnps.s 
(in  Ki'.iin' 
13Pr  g.nllon)'' 

S]ippific  condnplanpp 
(mirromho.^;  .at 
2.5°r) 

D<atp 

of  collpf'tion 

Mr-  44 

7.5 

10 

350 

.530 

6.1 

5 

110 

8-15-56 

.537 

5.9 

9 

8-22-56 

548 

5.6 

14 

4.35 

9-  8-56 

552 

5.5 

8 

370 

9-10-56 

552 

6.6 

4 

300 

4-17-57 

557 

5.6 

10 

.3.50 

9-10-56 

558 

6.1 

13 

330 

9-10-56 

559 

6.1 

11 

.3,50 

9-10-56 

560 

5.5 

4 

1,50 

9-10-,56 

.561 

5.7 

10 

.350 

9-10-56 

.567 

5.4 

290 

9-11-56 

570 

6 1 

11 

.3.50 

9-11-56 

574 

5.6 

19 

700 

9-12-56 

.585 

5.6 

9 

370 

9-13-56 

00 

7.6 

1.5 

.525 

9-13-56 

593 

5.3 

5 

2.50 

9-18-56 

663 

5.6 

4 

170 

9-25-56 

664 

5.3 

7 

200 

9-25-56 

667 

7.2 

9 

290 

9-25-56 

696 

5.5 

8 

.320 

10-18-56 

701 

5.8 

7 

2,50 

10-18-56 

706 

8.1 

9 

2.100 

10-19-56 

706 

8.1 

6 

2. .570 

10-26-57 

709 

7.5 

9 

325 

10-22-56 

725 

.5.8 

1.5 

.500 

10-24-56 

737 

4 

180 

10-25-56 

7.38 

6 

270 

10-25-,56 

740 

7.2 

1.3 

470 

10-25-56 

742 

7.2 

17 

.5.50 

10-26-56 

743 

7.7 

1.3 

420 

10-26-.56 

744 

7.3 

1.3 

4.50 

10-26-,56 

746 

7.1 

12 

4,50 

10-26-56 

748 

7.4 

11 

.370 

10-26-56 

751 

7.4 

12 

400 

10-26-56 

7.52 

7.2 

12 

400 

10-26-56 

991 

7.2 

22 

8,50 

9-  8-58 

994 

7.3 

11 

.32.5 

9-  8-58 

1140 

7.4 

11 

47.5 

9-30-57 

Kittanning 

Formation, 

Middle  Member 

Rf-  .32 

7.5 

8 

170 

6-31 -.56 

42 

5.9 

18 

4.3.5 

8-  2-56 

I, ■■1-7 12 

6.7 

6 

350 

10-16-.59 
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Table  5.— Field  analyses  of  ground  water— Continued 


Kittannin 

g Formation, 

Tmwer  Member 

Well 

Number 

pH 

Haidne.s.i 
lin  grains 
per  gallonV 

concliiclanf'p 
(mif'i'omlio.^  at 

25“r) 

Dat(' 

of  rollection 

Rt-  62 

6.7 

19 

470 

8-10-56 

08 

6.4 

8 

400 

10-28-59 

I.a-460 

6.1 

8 

345 

9-20-56 

477 

7.2 

14 

345 

9-21 -.56 

485 

5.5 

3 

120 

12-13-,56 

493 

6 6 

15 

500 

4-18-.57 

494 

7.4 

22 

670 

5-  8-57 

508 

7.3 

20 

550 

5-  9-57 

510 

7.1 

530 

5-  9-57 

514 

7.3 

21 

640 

.5-10-57 

515 

7.2 

10 

4,50 

,5-10-,57 

677 

15 

700 

6-  4-58 

677 

6.9 

16 

700 

10-16-,59 

744 

6.9 

17 

700 

10-27-.59 

Mr-  12 

7.3 

9 

300 

11-14-.56 

533 

5.6 

16 

8-22-56 

534 

5.7 

10 

8-22-56 

582 

7.3 

20 

600 

9-12-,56 

’599 

.5.5 

72.5 

9-18-.56 

800 

3 

140 

11-  l-,56 

989 

6.8 

8 

210 

8-28-58 

Vanport  T.imestonp 

Bt-  48 

6.6 

7 

190 

8-  3-,56 

131 

7.1 

9 

9-22-59 

I.n-498 

7.5 

15 

.530 

5-  8-,57 

506 

7.6 

12 

.52,5 

5-  9-,57 

532 

7.6 

16 

4,50 

.5-15-.57 

Clarion  Formation 

Bl-  52 

10 

325 

8-  7-.56 

52 

7.2 

8 

"300 

4-17-,59 

64 

6.1 

6 

140 

,S-10-.56 

144 

7.0 

13 

400 

9-22-.59 

145 

7.1 

7 

370 

9-22-59 

152 

7.4 

3.50 

9-22-.59 

T.a-  98 

6 4 

8 

400 

11-  -.59 

107 

6.9 

14 

475 

4-16-.57 

472 

7.0 

il 

445 

9-20-.56 

497 

7.7 

10 

410 

5-  8-57 

737 

7.2 

13 

450 

9-23-59 

742 

7.0 

27 

.8.50 

9-23-59 

Mr-  31 

7.5 

10 

34,5 
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Table  5.— Field  analyses  of  ground  water— Continued 


Clarion  Formation — Cont inner! 


Hardness 

Sppcifie  conduclanne 

Well 

(in  grain.s 

(micronihos  at 

Date 

Xiimber 

pH 

per  gallon)’ 

25°  C) 

of  rolleetion 

Mr-  46 

5.7 

10 

490 

51 

7.2 

13 

440 

-56 

51 

6.6 

14 

450 

4-17-57 

531 

5.9 

15 

8-22-56 

545 

5.8 

15 

470 

9-  8-56 

545 

7.4 

4-16-57 

587 

5.7 

28 

850 

9-13-56 

666 

7.2 

19 

550 

9-25-56 

679 

7.2 

19 

560 

10-16-56 

724 

6.8 

9 

300 

10-23-56 

732 

7.3 

1.150 

10-24-56 

788 

6.9 

9 

300 

10-31-56 

797 

610 

11-  1-56 

804 

300 

11-  2-56 

962 

11 

410 

5-  3-58 

1151 

7.8 

21 

650 

8-11-59 

Homewood  Formation 

Bt-  34 

7.1 

7 

190 

8-  1-56 

35 

6.3 

8 

200 

8-  1-56 

35 

7.0 

11 

400 

10-27-57 

51 

6.8 

10 

320 

8-  7-56 

59 

6.6 

6 

200 

8-  9-56 

61 

7.7 

13 

8-10-56 

66 

6.5 

9 

230 

8-15-56 

135 

7.4 

9 

350 

10-  -59 

141 

7.0 

5 

200 

10-27-59 

L;i-464 

6.8 

6 

210 

5-19-56 

489 

6.9 

9 

345 

12-13-56 

491 

7.1 

8 

270 

12-13-56 

513 

7.6 

7 

245 

5-10-57 

526 

6.1 

4 

200 

5-11-57 

676 

13 

425 

6-  4-58 

695 

7.1 

4 

150 

9-  8-58 

■’696 

F8 

8 

375 

9-  8-58 

Mr-  17 

6.8 

9 

300 

26 

5.7 

10 

325 

42 

7.0 

34 

1.060 

-56 

42 

6.6 

32 

4-16-57 

48 

7.2 

47 

1.400 

52 

7.1 

23 

650 

57 

7.2 

18 

640 

-56 

57 

7.2 

IS 

650 

4-17-57 

70 

7.2 

12 

420 
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Table  5.— Field  analyses  of  ground  water— Continued 


Homewood  Formation — Continued 


Well 

Xiimber 

pH 

Hardne.«s 
(in  grain.s 
per  gallon)’ 

Specifir  eonduclanee 
(microinho.?  at 
25°C) 

Date 

of  colleelion 

Mr-388 

5.8 

41 

1,100 

9-26-56 

388 

6.8 

37 

1.300 

10-26-57 

518 

6.8 

10 

280 

7-30-56 

525 

6.3 

7 

250 

8-  8-56 

525 

7.0 

8 

350 

4-17-.57 

526 

7.8 

5 

170 

8-  8-.56 

527 

12 

375 

8-1.5-56 

527 

7.4 

13 

370 

4-16-.57 

532 

16 

8-22-56 

532 

7.3 

425 

4-16-57 

536 

5.9 

15 

8-22-.56 

543 

6.0 

14 

420 

9-  8-56 

546 

5.9 

14 

480 

9-  8-56 

546 

7.0 

33 

1,050 

11-14-.56 

546 

6.0 

33 

1,200 

4-17-.57 

547 

6.0 

11 

380 

9-  8-56 

551 

5.9 

11 

340 

9-  8-56 

555 

5.9 

11 

280 

9-10-.56 

565 

6.0 

13 

395 

9-11-56 

566 

5.9 

10 

280 

9-11-56 

573 

7.0 

11 

400 

9-12-.56 

575 

7.2 

8 

350 

9-12-56 

576 

7.2 

14 

470 

9-12-56 

577 

7.0 

20 

700 

9-12-56 

579 

7.5 

23 

750 

9-12-56 

581 

7.2 

14 

370 

9-12-56 

586 

5.8 

45 

1.200 

9-13-.56 

590 

7.2 

12 

420 

9-13-56 

591 

7.4 

14 

500 

9-13-56 

592 

6.0 

16 

550 

9-13-.56 

598 

5.8 

7 

145 

9-18-56 

‘599 

5.5 

725 

9-18-.56 

647 

5.5 

6 

190 

9-19-56 

652 

7.0 

17 

400 

9-24-56 

652 

7.2 

510 

4-17-.57 

654 

7.4 

22 

630 

9-24-56 

655 

7.4 

11 

3.50 

9-24-.56 

665 

7.2 

12 

375 

9-25-56 

668 

7.2 

9 

340 

9-26-.56 

669 

5.8 

5 

1.50 

9-26-56 

670 

7.4 

14 

400 

9-26-56 

671 

7.2 

14 

450 

9-26-.56 

672 

7.4 

15 

510 

10-16-.56 

673 

7.4 

14 

440 

10-16-56 
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Table  5.— Field  analyses  of  ground  water— Continued 


Homewood  Formation — Continued 


Well 

Number 

pH 

Hardness 
(in  grains 
per  gallon)’ 

.Specific  conductance 
(micro mhos  at 
25°C) 

Date 

of  collection 

Mr-674 

7.2 

16 

510 

10-16-56 

677 

7.2 

11 

360 

10-16-56 

677 

7.2 

8 

375 

4-17-57 

680 

7.4 

15 

480 

10-16-56 

684 

5.7 

900 

10-17-56 

684 

6.2 

4-17-57 

686 

7.3 

11 

360 

10-17-56 

689 

7.4 

11 

360 

10-17-56 

694 

7.2 

10 

270 

10-18-56 

713 

7.2 

8 

290 

10-29-.56 

714 

5.4 

6 

220 

10-22-56 

715 

5.7 

5 

180 

10-29-56 

716 

5.8 

380 

10-23-56 

716 

6.2 

400 

4-17-57 

723 

6.7 

30 

950 

10-23-56 

728 

7.1 

21 

650 

10-24-56 

729 

5.5 

5 

230 

10-24-56 

733 

7.4 

19 

625 

10-24-56 

734 

7.5 

13 

430 

10-24-56 

735 

7.2 

18 

620 

10-25-56 

735 

7.6 

12 

4-16-57 

757 

7.0 

17 

540 

10-27-56 

762 

6.8 

10 

300 

10-27-56 

763 

6.8 

12 

420 

10-27-56 

■’764 

7.2 

11 

4,50 

10-29-56 

765 

7.1 

18 

600 

10-28-56 

776 

6 

200 

10-30-56 

777 

7.1 

10 

420 

10-30-,56 

777 

7.6 

14 

4.50 

4-16-57 

786 

5.4 

7 

300 

4-30-57 

791 

6.8 

9 

300 

10-31-56 

795 

7.3 

10 

3,50 

11-  l-,56 

811 

7 1 

8 

3.50 

12-12-.56 

961 

7.4 

12 

450 

5-  3-58 

992 

7-4 

8 

250 

8-  -58 

993 

7.5 

10 

375 

8-  8-58 

Mercer  Formation 

Bt-  43 

7.1 

15 

430 

8-  2-.56 

56 

6.5 

3 

820 

8-  8-56 

142 

7.1 

4 

400 

10-27-.57 

La -638 

6.8 

26 

800 

9-  6-57 

=696 

6.8 

8 

375 

9-  8-58 
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Table  5.— Field  analyses  of  ground  water— Continued 


Mercer  Formation — Continued 


Well 

Xiimber 

pH 

Hardnes.s  .S|ipcific'  coiKhictanee 

(in  grains  ( niicronihos  at 

irer  g.allon)’  25°C) 

Date 

of  rolled  ion 

Mr-  15 

6.9 

13 

450 

37 

7.2 

15 

480 

569 

6.0 

10 

400 

9-11-.56 

569 

7.2 

8 

350 

1-17-57 

699 

7.0 

25 

900 

10-18-.56 

712 

5.8 

11 

420 

10-22-.56 

753 

7.2 

16 

550 

10-26-.56 

796 

9 

350 

11-  1-.56 

Connoquenessinp;  Formation, 

ITpper  Member 

Rt-  38 

7.2 

8 

390 

8-  2-56 

46 

6.9 

12 

290 

8-  3-56 

49 

6.7 

10 

285 

8-  7-56 

67 

6.0 

3 

110 

8-l,5-.56 

67 

6.0 

220 

4-17-.57 

104 

7.0 

10 

450 

10-  -59 

La- 481 

7.7 

9 

300 

12-  6-56 

490 

7.4 

10 

3.50 

12-13-,56 

520 

7.5 

11 

430 

5-10-.57 

533 

7.6 

8 

680 

9-24-.59 

732 

7.6 

17 

475 

9-19-.59 

Mr-  19 

6.6 

10 

350 

4-17-57 

69 

7.3 

10 

4.50 

650 

5.6 

3 

50 

9-19-.56 

656 

7.2 

12 

360 

9-24-.56 

660 

7.2 

10 

310 

9-24-.56 

662 

5.6 

6 

210 

9-25-56 

678 

7.5 

11 

340 

10-16-56 

691 

7.0 

11 

340 

10-17-,56 

692 

6.8 

8 

270 

10-17-56 

711 

5.6 

4 

1.35 

10-22-56 

718 

7.3 

9 

4.50 

10-23-56 

719 

7.5 

13 

4,50 

10-23-56 

720 

5.7 

1.200 

10-23-56 

726 

7.3 

12 

440 

10-24-.56 

731 

7.2 

22 

780 

10-24-.56 

747 

7.2 

11 

390 

10-26-56 

764 

7.2 

11 

4.50 

10-29-56 

781 

5.7 

4 

165 

10-30-56 

792 

8 

300 

10-31-56 

812 

7.0 

9 

360 

12-12-56 

819 

7.1 

9 

395 

4-18-57 

990 

7.3 

19 

470 

8-28-58 

1147 

7.6 

12 

370 

8-11 -.59 
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Table  5.— Field  analyses  of  ground  water— Continued 


Connoqucnes 

?ing 

Formation, 

iMiddle  Member 

Hardness  .Sperific 

condnctanee 

Well 

( 

in  ffrain< 

( miei 

'omhos  al 

Dale 

dumber 

pH 

per  gallon)' 

25°  C) 

of  collection 

Mr-722 

0.7 

5 

270 

10-23-56 

722 

6.6 

4-16-57 

Connoqucnes 

;sing 

Formation, 

Low 

er  Member 

Rt-  29 

7.6 

4 

4,50 

10-16-59 

La-474 

6.8 

6 

215 

9-20-56 

Mr-  60 

6.8 

8 

290 

65 

7.0 

10 

320 

9-25-59 

657 

7.2 

10 

310 

9-24-56 

695 

5.0 

3 

1.30 

10-18-56 

698 

o.fi 

6 

160 

10-18-56 

698 

5.6 

4 

220 

4-17-57 

700 

6.9 

11 

360 

10-18-56 

704 

7.5 

6 

220 

10-18-56 

793 

10 

360 

10-31-56 

821 

6.3 

4 

200 

5-  7-57 

1160 

6.3 

8 

220 

8-13-59 

Connoqiicnes 

;sing 

Formation, 

Undifferentiated 

Bt-  13 

7.0 

11 

325 

9-30-59 

25 

7.1 

17 

470 

6-  9-60 

Mr-649 

5.5 

100 

9-19-56 

649 

6.6 

170 

4-17-57 

683 

6.8 

21 

580 

10-17-56 

707 

5.6 

7 

170 

10-19-56 

708 

5.9 

9 

290 

10-19-56 

710 

7 

250 

10-22-.56 

749 

7.1 

8 

330 

10-26-56 

750 

7.1 

8 

330 

10-26-56 

766 

7.4 

11 

380 

10-29-56 

770 

6.9 

7 

240 

10-29-56 

772 

7.0 

7 

270 

10-29-56 

773 

7.1 

10 

360 

10-29-56 

773 

-6.6 

8 

375 

10-25-57 

779 

7.3 

10 

350 

10-30-56 

782 

7.0 

7 

270 

10-30-.56 

787 

7.1 

10 

350 

10-31-56 

936 

7.8 

300 

1-  -59 

985 

6.0 

16 

500 

8-30-58 

IL 

cmpficld  Shale 

IVIr-929 


7.3 


2 


450 


10-16-59 
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Table  5.— Field  analyses  of  ground  water— Concluded 


rnidentified 


Well 

Xumber 

l.H 

IIardnes,s  Sirecific  conductance 

(in  graiii'  (micromlios  at 

per  gallon)'  2.5°(') 

Date 

of  collection 

Bt-  36 

6.7 

16 

390 

8-  1-.56 

39 

6.7 

13 

350 

8-  2-56 

44 

7.0 

o 

O 

800 

8-  2-.56 

44 

7.6 

o 

O 

1.150 

10-31-.57 

4.5 

6.3 

0 

230 

8-  3-56 

65 

6,8 

o 

f) 

300 

8-15-56 

La-150 

7.2 

8 

340 

4-16-.57 

182 

7.6 

10 

500 

10-27-57 

428 

6.1 

10 

310 

10-  -.59 

480 

7.1 

11 

380 

12-  8-56 

484 

5.7 

5 

200 

12-13-,56 

486 

5.5 

4 

175 

12-13-.56 

505 

8.0 

7 

280 

5-  8-56 

507 

7.6 

11 

425 

5-  9-57 

512 

7.4 

24 

780 

.5-  9-57 

518 

7.4 

15 

420 

.5-10-57 

522 

7.2 

12 

390 

5-10-57 

529 

8.0 

10 

400 

5-11-57 

530 

7.5 

13 

380 

5-14-57 

531 

7.5 

9 

310 

.5-14-, 57 

J.a-723 

6.4 

6 

170 

9-19-58 

Mr-517 

6.9 

10 

400 

7-30-.56 

517 

7.5 

8 

600 

10-25-57 

538 

6.0 

9 

340 

,8-23-56 

538 

7.6 

8 

3.50 

10-26-57 

541 

7.5 

15 

485 

4-16-.57 

541 

14 

430 

8-11-.58 

595 

7.2 

24 

6.50 

9-18-56 

.595 

6.8 

24 

850 

10-26-57 

675 

7.2 

20 

660 

10-16-.56 

676 

7.2 

22 

580 

10-16-.56 

676 

6.6 

19 

650 

4-17-57 

688 

7.5 

16 

510 

10-17-.56 

702 

7.9 

9 

400 

10-18-.56 

727 

7.4 

17 

580 

10-24-56 

774 

7.4 

10 

130 

10-.30-,56 

774 

7.4 

8 

140 

10-27-57 

807 

7.3 

11 

380 

11-1.5-.56 

807 

7.4 

8 

440 

10-26-57 

950 

7.1 

22 

1 .500 

4-  2-58 

951 

6 

.500 

1-  3-.5,8 

' Grains  jier  gallon 
per  gallon  by 

inav  be 
17.12. 

com  ei'ted  to  p.'U't' 

; por 

million  by  multiplying  grains 

“Aquifer  uncertain 

. may  be  the  Homewood 

Formation. 

“Ai|uifer  uncertain, 

may  be 

the  Mei'cer  Formation. 

* Af|uifer  uncei  tain, 

may  be 

the  lowei-  membei 

■ of  the  Kitlanning 

I’oinialion. 

" Ar|uifer  uncertain, 

may  be  the  uiijier  member 

of  the  f'onnoi|uene.' 

:sing  Formation. 

142 


MERCER  QUAnRANGI.E 


Table  6.— Sample  logs  of  wells 

Sample  log  of  well  Bt-17 

Samples  described  by:  W.  S.  LyHe 
Correlation  by : C.  W.  Poth 


Descripf  ion 


Thickness  Depth 
in  feet  in  feet 


Quaternary  System 
Illinoian  Till 

Sand  and  gravel,  coarse,  pebble, s consist  mosfh'  of  sandstone,  5 5 

Pennsylvania  System 
Kittanning  Formation,  middle  member 


Sandstone,  brownish-gray,  very  fine-  to  fine-grained;  considerable 
interbedded  grayish-black  carbonaceous  shale  containing  some 


muscovite. 

11 

16 

Claystone,  gray,  minute  fragments  of  carbonized  plant  remains; 
interbedded  very  fine-grained  gray  .-■■andstone  at  24  to  26  feet. 

14 

30 

Shale,  grayish-black,  containing  a little  muscovite  and  abundant 
pyrite. 

2 

32 

Claystone,  gray,  containing  abundant  muscovite  and  a few 
minute  fragments  of  carbonized  plant  remains. 

12 

44 

Sample  missing. 

2 

46 

Kittanning  Formation,  lower  member 

Coal,  containing  a little  pyrite. 

4 

50 

Claystone,  light-gray,  sandy,  containing  a little  muscovite  and 
abundant  siderite  nodules  at  59-61  feet ; considerable  inter- 
bedded light'graj^  shale. 

11 

61 

Sandstone,  light-gray,  very  fine-grained,  silty,  containing  abun- 
dant siderite  nodules. 

6 

67 

Claystone,  greenish-gray,  containing  abundant  sirlerite  nodules; 
considerable  interbedded  light-gray  shale. 

3 

70 

Vanport  Limestone 

Limestone,  grayish-brown,  very  fine,  dense. 

20 

90 

Clarion  Formation 

Coal,  Scrubgrass. 

1 

91 

Sandstone,  gray,  very  fine-  to  fine-grained,  silty,  containing  mus- 
covite and  pyrite. 

6 

97 

Shale,  gray,  containing  considerable  minute  fragments  of  car- 
bonized plant  remains,  abundant  muscovite  anrl  a little  inter- 
bedded gray,  sandy  siltstone. 

Sandstone,  vei'y  light-gra)',  r-ery  fine-gi-ained,  containing  mus- 
covite and  minute  fragments  of  carbonized  plant  remains. 

16 

118 

Siltstone,  gray,  sandy,  containing  considerable  muscovite  and  a 
few  minute  fragments  of  c’arbonized  plant  remains. 

10 

128 

Shale,  gray,  containing  considerable  musco\-ite. 

6 

134 

Coal,  Brookville. 

1 

135 

Claystone,  light-gray,  containing  a few  minute  fragments  of  car- 
bonized plant  remains  and  a little  muscovite. 

3 

138 
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Table  6.— Sample  logs  of  wells— Continued 

Samjile  lo"  of  well  Bt-17 — rnntinued 

Tliirkiipss  DpiiIIi 

Description  in  feet  in  feet 


Homewood  Formation 

Sandstone,  gray,  \"ery  fine-grained,  silty,  containing  mu.scovite, 

ininnte  carbonized  plant  remaiiw,  and  .a  few  siderite  nodules.  .34  172 

Sandstone,  \-erv  light-gray,  very-fine  to  \ ery  coaise-grained.  37  209 

Mercer  Formation 

Shale,  gray,  silty,  containing  muscovite.  6 215 

Sandstone,  light-gra>-,  very  fine-  to  coarse  grained,  containing 
muscovite  4 219 

Claystone,  brownish-gray;  interbedded  silly  shale,  containing 

muscovite,  pyrite  and  siderite  nodules.  3 222 

Sandstone,  \Try  light-gra>’.  very  fine:  interbedderi  giay  silty 
shale.  8 230 

Claystone.  very  light -gray,  containing  abundant  pyrite  and  a few 

minute  fragments  of  carbonized  plant  remains.  2 232 

Sandstone,  gray,  fine-givaincd,  silty,  containing  muscovite,  minute 

fragments  of  carbonized  plant  remains,  and  siderite  nodules.  7 239 

Shale,  dark-gray,  silty,  containing  consirlerable  muscovite.  S 247 

Coal.  1 248 

Sandstone,  gray,  very  fine-  to  fine-grained,  silt>-.  containing  many 
minute  fragments  of  carbonized  plant  I'emains  and  .a  little 
muscovite.  8 256 

Siltstone,  gray,  sandy,  containing  man>'  carbonized  plant  remains 

and  a little  muscovite.  5 261 

Shale,  gray  and  brown,  containing  consideiabh'  musco\-ite  and 

pyrite.  28  289 

Connoqucnessing  Formation,  upper  member 

Sandstone,  light-gray,  very  fine-  to  fine-grained  silty,  containing 

muscovite  and  a few  very  coarse  \'ery  light-gray  (piartz  grains.  G 295 

Sandstone,  light-gray,  very  fine-to  medium-grained,  containing 

muscovite  and  a few  coai'se  quartz  grains.  7 302 

Sandstone,  light-gray,  ver>’  fine-  to  coarse-grained.  7 309 

Connoquenessing  Formation,  middle  member 

Coal,  Quakertown.  1 310 

Connoquenessing  Formation,  lower  niembei- 

Sandstone,  clear,  very  fine-  to  fine-grained,  eontaining  muscovite. 

siderite  nodules,  and  carbonized  plant  remains.  13  323 

Sandstone,  clear,  vc'ry  fine-  to  medium-grained,  argillaceous, 
containing  muscorite,  and  a few  coaise  quai'tz  grains;  4 feel 
of  light-gray  siltr-  shale  at  base.  20  343 

Sandstone,  very  light-gray,  very  fine-  to  medium-grained. 

argillaceous.  8 351 

Sandstone,  clear,  very  fine-  to  coarse-grained,  argillaceous.  9 360 
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Table  6.— Sample  logs  of  wells— Continued 

Sample  log  of  well  Bt-17 — Continued 


Thickness  Depth 

Description  in  feet  in  feet 


Mississippian  System 
Burgoon  Sandstone 

Siltstone,  gray,  sandy,  containing  siderite  nodules  and  a little 
muscovite.  4 

Sandstone,  clear,  very  fine-  to  medium-grained,  argillaceous, 
containing  a little  muscovite  and  a few  siderite  nodules.  27 

Sandstone,  very  light  greenish-gray,  very  fine-  to  fine-grained, 
silty,  containing  considerable  muscovite.  1 

Sandstone,  clear,  very  fine-  to  medium-grained,  argillaceous, 
containing  a little  muscovite  and  a few  siderite  nodules.  32 


Siltstone,  gray  to  brownish-gray,  containing  musco\-ite:  inter- 
bedded  light-gray  shale.  2 

Sandstone,  clear,  very  fine-  to  medium-grained,  argillaceous, 
containing  many  siderite  nodules  and  a little  muscoA'ite  and 
pyrite.  11 

Sandstone,  light  greenish-gray  to  gray,  very  fine-  to  very  coarse- 
grained, argillaceous,  containing  minute  fragments  of  car- 
bonized plaint  remains,  pyrite,  and  a little  muscox'ite.  4 

Hempfield  Shale 

Shale,  gray  to  grayish-brown,  containing  a little  muscovite  and 
pyrite;  interbedded  gray  to  grayish-brown  siltstone;  a small 
amount  of  very  fine-  to  medium-grained,  light-gray  sand- 


stone. 6 

Siltstone,  gray,  containing  a little  pyrite  and  minute  fragments 
of  carbonized  plant  remains;  interbedded  grayish-brown  to 
dark -gray  shale;  a little  very  light-gray  to  gray,  very  fine-  to 
coarse-grained  sandstone.  5 

Shale,  gray  to  brownish-gray,  silty,  containing  pyrite  and  minute 
fragments  of  carbonized  plant  remains  6 

Sandstone,  light-gray  to  gray,  very  fine-  to  fine-grained,  con- 
taining a little  pyrite.  3 

Shale,  dark-brown  and  gray,  silty,  containing  a little  muscovite 
and  a little  pyrite.  11 

Sandstone,  light-gray  to  gra.v,  very  fine-  to  fine-grained,  con- 
taining a little  muscovite  and  a little  pyrite,  4 

Shale,  gray  and  brown,  silty,  containing  muscovite,  pyrite,  and 
minute  fragments  of  carbonized  plant  remains.  11 

Shenango  Formation 

Sandstone,  very  light-gray,  \-ery  fine-  to  coarse-grained,  argil- 
laceous, and  calcareous.  2 

Sandstone,  greenish-gray,  \'ery  fine-  to  fine-grained,  argilla- 
ceous, containing  considerable  musco\  ite  and  a little  biotite.  8 

Shale,  gray,  silty,  containing  consirlerable  muscovite  and  minute 
fragments  of  carbonized  plant  remains.  3 

Sandstone,  very  light-gray,  very  fine-  to  fine-grained,  containing 
muscovite,  a little  pyrite,  and  minute  fragments  of  carbonized 
plant  remains.  3 

Siltstone,  gray,  sandy,  containing  muscovite  and  minute  frag- 
ments of  carbonized  plant  remains.  10 

Sandstone,  light-gray  to  greenish-gray,  very  fine,  silty,  contain- 
ing muscovite  and  minute  fragments  of  carbonized  plant 
remains.  ^ 
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437 
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Table  6.— Sample  logs  of  wells— Continued 

Sample  lo"  of  well  Bt-19 


Thickness  Depth 

Description  in  feet  in  feet 


Pennsylvania  System 
Homewood  Formation 

Sample  missing.  85  85 

Sandstone,  medium-  to  coarse-grained;  loosely  cemented:  coal.  10  05 

Sandstone,  fine-  to  medium-grained,  some  grains  show  crystal 

faces.  5 100 

Sandstone,  medium-  to  coarse-grained.  7 107 

Sandstone,  fine-grained.  4 111 

Mercer  Formation 

Sandstone,  medium-grained,  clayey:  interbedded  siltstone  and 

coal.  0 120 

Sandstone,  coarse-grained,  clayey:  interbedded  siltstone.  8 128 

Siltstone,  dark  gray  to  dark  reil : limonite  and  clay  cement  on 

grains.  6 134 

Sandstone,  very  fine-  to  fine-grained.  10  144 

Siltstone.  dark  gray:  coal.  5 149 

Siltstone,  dark  gray,  13  162 

Connoquenessing  Formation,  upper  member 

Sandstone,  fine-grained.  21  183 

Sandstone,  medium-  to  coarse-grained,  loosely  cemented.  7 190 

Connoquenessing  Formation,  middle  member 

Siltstone,  gray.  10  200 

Connoquenessing  Formation,  lower  member 
Sandstone,  fine-grained,  loosely  cemented.  30  230 

Mississippian  Sy.stem 
Burgoon  Sandstone 

Sandstone,  fine-grained : abundant  dark-red  and  white  siltstone.  32  262 

Sandstone,  fine-grained,  loosely  cemented;  a little  black  shale  or 
poor  coal.  9 271 

Sandstone,  fine-grained,  loosely  cemented.  8 279 

Sandstone,  medium-grained.  6 285 

Sandstone,  medium-grained,  loo.sely  cemented.  6 291 

Sandstone,  very  fine-  to  coarse-grained,  loosely  cemented.  7 298 

Sandstone,  medium-grainefl.  7 305 

Sandstone,  very  fine-  to  medium-grained:  interbedded  siltstone.  20  325 

Sandstone,  very  fine-grained;  much  giay  siltstone.  15  340 

Hempfield  Shale 

Siltstone,  dark-gra,\' : small  amount  of  coal.  7 347 

Siltstone,  dark-gray.  6 353 

Sandstone,  fine-grained.  9 362 

Siltstone,  gray:  interberlded  \-ery  fin('-  to  fine-grained  sandstone.  39  401 

Shenango  Formation 

Sandstone,  very  fine-  to  medium-grained:  interbedded  siltstone 

near  bottom.  41  442 

Siltstone,  gray,  10  452 

Sandstone,  very  fine-  to  fine-grained.  13  465 

Siltstone.  gray.  15  480 

Sandstone,  fine-grained:  abundant  gray  siltstone.  24  504 
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Table  6.— Sample  logs  of  wells— Continued 

Sample  log  of  well  Bt-158 

Samples  described  by:  C.  R.  Fetfke  (1949) 

Coirelation  by : C.  W.  Poth 


Thickness  Depth 

Description  in  feet  in  feet 


Quaternary  System 
Kent  ground  moraine 


Sand  and  gravel,  pebbles  consist  mostly  of  sandstone 

28 

28 

Pennsylvanian  System 

Vanport  Limestone 

Limestone,  brownish-gray,  very  fine,  dense 

28 

56 

Clarion  Formation 

Shale,  dark-gray,  silty;  a little  interbedded  coal. 

1 

57 

Sandstone,  light-gray,  in  part  stained  yellowish  brown  by 
weathering,  fine-grained,  containing  muscovite. 

23 

80 

Coal,  bony. 

1 

81 

Homewood  Formation 

Shale,  gray,  sandy,  containing  some  muscovite. 

19 

100 

Shale,  verv  dark-gra.v,  silty,  containing  muscovite  and  minute 
fragments  of  carbonized  plant  remains. 

10 

110 

Mercer  Formation 

Shale,  black. 

5 

115 

Shale,  dark-gray. 

7 

122 

Shale,  gra}’,  sandy,  containing  muscovite  and  minute  fragments 
of  carbonized  plant  remains. 

3 

125 

Shale,  very  dark-gray;  interbedded  coal  and  gray  claystone. 

6 

131 

Shale,  gray  to  dark-gray,  sandy,  containing  muscovite  and 
minute  fragments  of  carbonized  ]4ant  remains. 

8 

139 

Shale,  dark-gray. 

9 

148 

Shale,  dark -gray  to  grayish-lilack. 

3 

151 

Shale,  dark-gray,  silty. 

14 

165 

Sandstone,  light-gray,  fine-grained;  a little  interbedded  black 
shale  and  coal. 

4 

169 

Shale,  dark-gray,  .«ilty.  containing  minute  fragments  of  car-^ 
bonized  plant  remains;  interbedded,  fine-grained,  light  gray 
sandstone. 

15 

184 

Shale,  very  dark-gray,  silty,  containing  musco\’ite  and  minute 
fragments  of  cinLonizefl  plant  remains. 

12 

196 

Sandstone,  light-gray,  fine-grained,  containing  a little  muscovite. 

11 

207 

Shale,  dark-gray,  silty,  containing  musco\’ite  and  mintite  frag- 
ments of  carbonized  plant  remains. 

10 

217 

Shale,  dark-gray,  silty;  a little  interbedded  r’oal. 

6 

223 

Claystone,  dai'k  grayish-brown. 

5 

228 

Connofpienessing  Formation,  upper  member 

Sandstone,  brownish-gray,  medium-grained ; interbedded  dark- 
gray,  silty  shale. 

5 

233 

Sandstone,  light-gray,  medium-grained,  poorly  sorted,  containing 
well-rounded  quartz  grains. 

6 

239 
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Table  6.— Sample  logs  of  wells— Continued 

Sample  log  of  well  Bt-lo8 — Continued 

Thickness  Depth 

Description  in  feel  in  feet 


Connoc|uenessing  Formation,  middle  member 
Shale,  dark-gray,  silty,  containing  muscovite.  13  252 

Connoqiienessing  Formation,  lower  member 
Sandstone,  light-gray,  fine-grained,  containing  mu.sco\ite.  IS  270 

Sandstone,  light-gray,  fine-  to  medium-grained,  containing  a little 

muscovite.  37  307 

Sandstone,  liglit-gray.  very  fine  to  fine-grained,  containing  a little 

muscoA'ite.  23  330 

Mississippian  System 

Burgoon  Sandstone 

Sandstone,  light-gray,  fine-  to  medium-grained,  friable;  inter- 

bedded  dark-gra>'.  silty  shale.  6 336 

Sandstone,  light-gray,  fine-  to  medium-grained,  containing  some 

muscovite.  7 343 

Sandstone,  light-gray,  fine-  to  medium-grained,  containing  some 
muscovite  and  minute  fragments  of  carbonized  plant  remains; 
interbedded  dark-gray,  silty  shale.  7 350 

Sandstone,  light-gray,  fine-grained,  containing  a little  moscovite.  18  368 

Sandstone,  light  greenish-gray,  fine-grained,  containing  mirscovite.  25  393 

Hempfield  Shale 

Shale,  dark  greenish-gray,  silty;  interbedded  greenish-gray  silt- 
stone.  containing  muscovite  and  minute  fragments  of  carbon- 
ized plant  remains.  51  444 

Shenango  Formation 

Sandstone,  light  greenish-gray,  very  fine-  to  fine-grained,  moder- 
ateh-  friable,  containing  biotite  and  musco\’ite.  and  minute 
fragments  of  carbonized  plant  remains.  17  461 

Shale,  greenish-gray,  silty;  interbedded,  ■\-er,v  fine-grained,  light 
greenish-grav  sandstone,  containing  muscovite  and  minute 
fragments  of  carbonized  plant  lemains.  13  474 

Sandstone,  light  greenish-gray.  A'ery  fine-  to  fine-grained,  con- 
taining muscovite  and  minute  fi'agments  of  carbonized  plant 
remains.  19  493 

Sandstone,  light  greenish-gray,  fine-grained,  containing  a little 

muscovite.  23  516 

Sandstone,  light-gray,  fine-grained.  17  533 

Shale,  dark-gray;  interbedded  i.'eiA'  fine-grained,  greenish-gray 

sandstone.  8 541 

Sandstone,  light  grecnish-gra>',  fine-giained,  poorly  sorted,  con- 
taining muscovite.  9 550 

Sandstone,  light  greenish-gray,  ^•er,v  fine-grained;  interbedded 

dark-gray  shale.  7 557 

Shale,  dark  greenish-gray,  silty.  3tt  596 
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Table  6.— Sample  logs  of  wells— Continued 

Sample  log  of  well  Mr-1184 


Thickness  Depth 

Description  in  feet  in  feet 


Quaternary  System 
Kent  end  moraine 

Sample  missing,  29  29 

Gravel,  consisting  predominantly  of  gray  siltstone,  limestone, 
black  chert,  and  siderite;  occasional  pieces  of  red  or  black 
siltstone ; v'ery  fine-  to  fine-grained  sandstone,  and  iron 
stained  pebbles;  coarse  sand.  3 32 

Sample  missing.  11  43 

Pennsylvanian  System 
Mercer  Formation 

Coal.  3 46 

Siltstone,  gray  to  white,  micaceous;  very  fine-grained  sandstone, 
also  micaceous.  4 50 

Siltstone,  gray  to  orange-brown,  micaceous,  pyritic,  4 54 

Mudstone,  gray;  very  minor  amounts  of  gray  siltstone  and 
white,  very  fine-grained  sandstone,  which  becomes  more 
abundant  downward.  10  64 

Siltstone.  dark-gray,  carbonaceous  streaks.  18  82 

Mudstone,  dark-gray,  silty;  light-gray  siltstone  near  bottom.  9 91 

Siltstone,  gray;  minor  amounts  of  black  shale.  12  103 

Connoquenessing  Formation,  upper  member 

Sandstone,  white  to  orange,  fine  to  medium-grained,  loosely 

cemented.  19  122 

Connoquenessing  Formation,  middle  member 
Shale,  black.  6 128 

Coal.  2 130 

Mudstone,  dark -gray  to  black;  some  light-gray  siltstone  and 
very  fine-  to  fine-grained  sandstone.  12  142 

Sample  missing.  _ 3 145 

Mudstone,  gray,  leaf  imprint  on  one  piece.  5 150 

Sample  missing.  9 159 

Connoquenessing  Formation,  lower  membei- 
Sandstone,  white,  fine-grained,  loosely  cemented  in  upper  part.  34  193 

Mississippian  System  - 
Hempfield  Shale 

Mudstone,  gray  to  tan;  abundant  siltstone  pebbles.  6 199 

Sandstone,  white,  very  fine-grained.  6 205 

Siltstone,  gray,  clayey  near  top.  12  217 

Sandstone,  white  to  gray,  fine-grained.  6 223 

Siltstone,  gray  and  tan.  41  264 

Shenango  Formation 

Sandstone,  gray  to  white,  very  fine-  to  fine-grained.  11  275 
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Table  6.— Sample  logs  of  wells— Concluded 

Sample  lop;  of  well  l\[r-1185 


Thickness 

Description  in  feet 

Deptli 
in  feet 

Mississippian  System 

Hemiifield  Shale 

Sample  missing. 

19 

19 

Mudstone,  mottled  orange  and  gray. 

18 

37 

Siltstone,  gray  and  tan. 

11 

48 

Mudstone,  gray. 

27 

75 

Siltstone. 

6 

81 

Mudstone. 

19 

100 

Sdtstone,  gray  and  tan ; minor  amount  of  ver,\'  fine-grained 
white  sandstone. 

5 

105 

Claystone,  gray,  well  indurated. 

5 

110 

Siltstone,  gray ; interbedded  mudstone  and  line-  to  medium- 
grained sandstone. 

41 

151 

Shenango  Formation 

Sandstone,  white,  medium-grained. 

6 

157 

Sample  missing. 

12 

169 

Sandstone,  white  with  some  orange  staining,  very  tine-to 
medium-grained,  loosely  cemented. 

6 

175 

Mudstone,  gray. 

3 

178 

Sample  missing. 

2 

180 

Sandstone,  white  with  some  orange  staining,  fine-grained, 
looselj’  cemented ; interbedded  gray  siltstone. 

23 

203 

Siltstone,  gray. 

2 

205 
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Plate  5.  Electric  and  gamma-ray  lo^  of  wells  in 
the  west-central  part  of  the  Mercer  quadrangle. 
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